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--The Artesian Waters of South Dakota. 
JAMES H. SHEP.A.RD, Chemist. 
The artesian waters of South Dakota are used for 
three distinct purposes. In the first place they are used 
by cities as the source of water supply. When thus used 
they are employed for domestic use, for sprinkling lawns 
and gardens and for fire protection. Closely, akin to these 
are the township or neighborhood wells where the water 
is used conjointly by communities for watering stock and 
for domestic use. 
In the second place these waters are used for irrigat­
ing purposes mainly and for domestic use incidentally. In 
such cases the well may be owned by an individual or it 
may be owned by a stock company. 
In the third place the waters of some wells are used 
wholly for power purposes; but the wells thus used are 
few in number. In any one of the cases mentioned the 
surplus waters may be used for the purpose of creating 
running streams or for creating artificial ponds or for ir i­
gation. In some cases, however, the surplus water is dis­
charged directly into some river or stream where it flows 
to waste. Most of the wells have controlling devices 
whereby the surplus water is reduced to a minimum. But 
in case the well is faulty in construction it runs without 
control. 
The analysis of these waters was undertaken in the 
interests of the first two uses for which the water is em-
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ployed. It is scarcely necessary to state that a chemical 
analysis could have little or no value in the case of a water 
employed for power purposes only. But when it comes to 
a question of sanitation, or healthfulness, or a fitness of 
these watern for iTI"igation the case is far different. No 
regular or systematic chemical investigation of the water 
supply of the great artesian basin has ever been made. 
It is true that a few partial analyses for special purposes 
have been made from time to time; but nothing like a 
complete examination has been undertaken. 1t was also 
hoped that the investigation might thro·w some light upon 
other obscure questions relating to the origin and move­
ment of these underground waters. 
In order to cover the field as completely as possible, 
wells were chosen which were geographically distributed 
as uniformly over the whole aJ:tesian basin in South Dakota 
as the circumstances in the case would permit. When sev­
eral wells occuned at the same point, various considera­
tions led to the choice made. Sometimes it was the vein or 
flow from which the water comes and sometimes it was 
the purpose for which the water is employed that decided 
in the final selection. When the list was completed it was 
recommended by the Station Council and sanctioned by 
the governing boards. State Engineer of Irrigation, 0. S. 
Fassett,:gave valuable advice in locating the wells. 
The samples were taken from each well by �lr. 0. G. 
Hopkins, then Assistant Chemist of this Station. He also 
observed the temperature of each well and collected such 
data as he:was able to obtain. In many cases no log of 
the well had been kept by competent observers; and it 
was not ·possible for him to ascertain the difference in 
level between the raill'oad station and. the mouth of the 
well. But this difference is nevel' very large and consider­
ing the_inaccuracy of some of the other information in re­
gard to the depth of the well it is unessential. Some 
•• 
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towns report that it is the general belief that fraudulent 
depths had been claimed by contractors in order to secure 
more money on their contracts than the true depth called 
for. 
The samples collected were forwarded to the Station 
in sealed packages and none of the seals were broken. 
Thus the authenticity of all the samples is unquestionable. 
SYSTEMIC EFFECTS OF ARTESIAN v.r ATER SAifrS. 
Among the questionH most frequently asked are: 
""What are the medicinal values of the salts carried by 
these artesian waters, and what would be their effects 
upon the human system?" Perhaps no better opportunity 
will ever offer than the present to answer this question 
fully. Therefore each salt wiill be considered separately. 
Sonrn�1 011LORIDE, NaCl-This compound is the well 
known common "salt" so widely used for domestic pur­
poses. It is not necessal'y here to recall its varied uses in 
domestic economy nor to discuss its importance to animal 
life. All these facts are well understood. But its uses in 
medicine are not so commonly known. 
In small doses of from 10 grains to one drachm, or of 
.65 grams to 4 grams it is a stomachic tonic and an 
anthelmintic. In larger doses of from 8 to 15 grams it is 
a cathartic; still larger doses of from 15 to 30 grams dis­
solved in a little water, in many cases, act as an emetic 
which irn7igorates rather than depresses the system. It is 
also a styptic useful in checking internal hemonhages or 
in stopping the flow of blood from external wounds. 
Externally it is useful in sprains and bruises and its 
tonic value in the form of a "salt bath" is well under­
stood. 
Salt which has been taken into the system is rapidly 
removed by the kidneys. Sodium chloride is present in 
most of the drinking waters of this country whether they 
\ 
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are derived from surface wells, from springs, or from 
running str�ams. 
SomuM Brc . .\RBOXATE, NaHCOa--This is also a well 
known salt which is largely employed iu preparing effer­
vescent drinks and medicines. It is used in enormous 
quantities in preparing baking powers. In the analyses 
the compound formed between sodium and carbonic acid 
is given as the normal carbonate, N a2CO 3• The bicar­
bonate passes into this form upon the application of heat 
to the dry salt. In medicine the bicarbonate is used as aQ. 
antacid. It has been found valuable in cases where an 
excess of uric add has caused calculous deposits. It has 
been found useful in diabetes since it lessens the sugar in 
in the urine. The dose for an adult is from .65 to 4 
grams. It is further employed in cases of croup, pneu­
monia, and membranous angina. 
'rhis salt is not a common constituent of drinking 
waters either in this state or elsewhere. 
SODIUM SULPHATE, N a2So,. This salt is commonly 
know as Glauber Salts. In doses of from 15 to 32 grams 
it acts as a hydragogue cathartic. When it is taken in 
smaller doses it acts as an aperient and a diuretic. It is 
not much used in medicine at present as most practi­
tioners prefer magnesium sulphate instead. Veterinarians 
however, employ it extensively in their pratice. 
This salt is not of uncommon occurrence in drinking 
waters. 
CALCIUM CARBONATE, CaCO.,-This compound occurs 
abundantly in nature in impure forms known as limestone, 
chalk, marble, calcite, etc. 'The pure salt is used in medi­
cine as an antacid and it is especially useful in cases of 
diarrhcea when accompanied by an acid condition of the 
digestive tract. It is employed as a remedial agent for 
gout, dyspepsia and acidity of the stomach. Its use in 
scrofulous diseases is followed by good results. The dose 
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for an adult is from . 65 to 3 grams. Externally it is bene­
ficially applied to burns and scalds. 
This compound occurs in drinking waters nearly every­
where. 
FERROUS CARBONATE, FeCOr--In the analyses the iron 
is reported in the form of ferric oxide, Fe10 i· But as one 
would naturally infer, iron does not exist in the natural 
waters in,this insoluble condition. As it occurs in solution 
it is in the form of ferrous carbonate, a tonic and chaly­
beate. When the water is evaporated or when it has 
stood for some time the f en-ous carbonate is decomposed 
and the iron is thrown down as a reddish sediment consist­
ing largely of the ferric oxide and hydroxide. U pou the ap­
plication of heat the conversion to ferric oxide is com­
pleted. 
Ferrous carbonate occurs in most drinking waters. 
CALCIUM SULPHATE. CaS04-In an impure form this 
compound occurs as gypsum. When calcined it is known 
as Plaster of Paris. It probably exerts little effect upon 
the system; at least it is not given internally. It is a com­
mon constituent of drinking water. 
MAGNESIUM CARBONATE, MgC03-Magnesium carbonate 
is an antacid and in most cases a laxative. The dose is 
from 1 to 2 grams. It is largely used in the preparation 
of medicated vYaters. .. MAGNESIUM SULPHATE, MgSO,-This salt is commonly 
known as Epsom Salts. It is an active but safe refrigerant 
cathartic operating with little pain or nausea. It is more 
acceptable to the stomach than most medicines. It is use­
ful in colic and in severe cases of constipation and operates 
without relaxing the stomach and bowels. A moderate 
dose is 1 ounce or about 31.1 grams. In smaller doses 
magnesium sulphate may act as a diuretic. It is a com­
mon constituent of drinking waters. 
LITmm.r SALTs.-Lithium is a rare metal and its salts 
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are seldom found in drinking waters. By a spectroscopic 
examination these salts have been found to exist in all the 
artesian waters analyzed. 'fhe lithium salts are valuable 
in treating rheumatism. 
EFFECT PRODUCED BY A COi\rBINATION OF SALTs.-It is im­
possible, except in a general way to predicate just what 
the effects of any combination of salts as they occur in 
natm·al waters would be. To a certain extent they each 
modify or accentuate the effect which any one would pro­
duce singly. If all the salts carried by any water had the 
same tendency the result might easily be foretold. But 
such waters are rare. It seems as if natme modi.fies and 
ameliorates the effects produced by the salts in mineral 
waters just as the skilled pharmacist ameliorates the effect 
of one drug by a skillful a nd judicious combination with 
others. In general it would be safe to say that the arte­
sian waters as a rule are tonic- laxative in their effects 
upon the system. 
All the artesian waters of this state cany a larger 
amount of salts than would be desired in a first-class pot­
able water. But it nevertheless remains a fact that in 
some cities these waters are used with impunity for all do­
mestic purposes and in fact no other water is used at all. 
From these places no complaint comes as to any injurfous 
effect. Moreover, wherever the water is used for watering 
stock no unfav1.>rable results follow. In fact sto
.
ck seems 
to thrive by its use. At any rate it is far preferable to 
the stagnant water which stock is so frequently compelled 
to drink in other sections of the country. 
The explanation as to why water carrying a more 
than ordinary amount of salts may be used for drinking 
pur·poses without injurious results, especially in the case 
of these artesian waters, may not be difficult to find. The 
following ones suggest themselves most readily. · In the 
first place these waters are free from organic contamina-
• 
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tion and consequently carry no germs of contagious dis­
ease. Consequently the energies of the system are neither 
weakened nor prostrated at any time by these more to be 
dreaded agencies which are at work where organically im­
pure waters are used for drinking purposes. It may be 
that the system finds it less difficult to eliminate the ex­
cess of saline compounds than it does to ward off the in­
jurious effects of albuminoid poisons and disease germs. 
'fhen again it is a well known fact that one finally be­
comes accustomed to a <.;ertain water and that the system 
:finally thrives best upon it, even though at first it was not 
particularly :palatable. In these cases it seems that the 
system actually adjusts itself to the elimination of any 
surplus that might by its accumulation prove detrimental. 
It is a well known fact that persons accustomed to the use 
of bard waters upon going into a country where soft 
waters prevail, actually find the soft watel's flat and un­
palatable. The water seems to lack something to the 
taste, and physiological symptoms seem to indicate that 
the system also misses some of the constituents of the 
hard ·waters. 
The only complaints concerning the use of artesian 
waters as potable waters that have come to my knowl­
edge are that at first they had proven laxative in some 
cases. But this effect soon passes off as a rule. Then 
again many complain that the water is too warm and 
consequently somewhat unpalatable, just as any water is 
under like conditions. This is usually remedied by cooling 
the water before it is used. 
In some places where artesian water is used for other 
purposes, it is not used for drinking. In these places a 
supply of water with less salts is available and more pal­
atable. 
In this connection it might be well to say that in 
these towns where first-flow, soft artesian waters are used 
\ 
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for drinking purposes, should any evil effects ensue, that 
the corrective which n1ost readily suggests itself would be 
fruit acids. The acids of fresh fruits would certainly tend 
to neutralize the effects of the ant-acid salts the waters 
contain. 
Another thought suggests itself here, and that is, one 
would need to drink an inordinate quantity of most of 
these artesian waters to get any other than a tonic effect 
from any of the salts held in solution. This will become 
apparent to any one who cares to take the trouble to 
make the necessary computation. It is 'probable that the 
laxative effects arise from the combined influence of the 
principal salts and more especially from a cumulative 
· effect caused by their continued use. It is not unreason­
able to suppose that after tbe system has become adjusted 
to the water, that the cumulative effect ceases owing to a 
prompt elimination of any excess of the salts in question. 
'rHE EFFECTS OF ARTESIAN WATER SALTS UPON 
SOILS AND PLANTS. 
To the irrigator there is no question of greater impor­
tance than those relating to the effects produced upon 
soils and plants by the saline constituents of the water 
·which he is applying to his land. Waters may carry 
salts that act as fertilizers or they may carry substances 
detrimental to soil and vegetation alike. Again they may 
carry such large amounts of salts, which of themselves in 
ordininary quantities are either beneficial or harmless to 
vegetation, that the soil may become overcharged and 
barren. And further the salts though small in quantity 
may be such as destroy the tilth of the land or they may 
cause crops to wither away and die: . 
In discussing the effect of any water upon soils and 
vegetation it will be necessary to take up each of its saline 
constituents in detail. There is one other fact, which 
I 
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should at the outset be set forth clearly, and which is true 
of every saline substance however valuable it may be as a 
fertilizer or as a plant food, and that is, the addition of any 
salt to a soil will not increase the fertility of that soil pro­
vided there is already present a suffident supply of the 
salt to meet all the requirements of plant growth. 
Sonrmr CHLORIDE, N aOI.-This salt bas been applied to 
land since time immemorial. It is more beneficial to in­
land soils where there is a deficiency of the salt. In soils 
where plenty of th.is compound exists further applications 
are not beneficial. 
In its action common salt is not a direct fertilizer 
since plants as a rule require little sodium; small quantities 
of  chl�rine also will meet all requirements. It iB one of 
the so-called "indirect" fertilizers. Its value when applied 
to soils may be attributed to the following causes: 
1. It acts upon the undecomposed rocky constituents 
of soil liberating lime, magnesia, and phosphoric acid for 
plant use. Its greatest action is upon lime and then upon 
the other substances in the order named. These sub­
stances which in their undecomposed state were mostly 
combined as insoluble silicates, through the kindly offices 
of salt assume a soluble condition in which form plants 
can readily assimilate them. 
2. Sa.lt also tends to check a too rank growth of 
stalks and straw; and it is often applied to over fertile 
soils for this purpose. It is also mixed with other power­
ful fertilizers, such as gauno, to modify their action. It 
gives the best results upon grains, grasses, cotton, hemp, 
asparagus, cabbages, tomatoes, celery, onions, horse radish, 
cauliflowers, etc. It is not a-pplicable to potatoes since it 
diminishes the yield and makes the t�bers waxy. The 
amount that is applied per acre varies from 200 to 600 
pounds. 
An over dose of salt is fatal to all vegetation. It is 
more destructive to young plants than it is to older ones, 
hence its frequent use for destroying young weeds where 
the crop has attained some size. As a germicide salt is sup­
posed to possess some virtues. It is thought to be destruc­
tive to the spores of the fungous diseases of various plants. 
3 .  Salt is also beneficial to the tilth of land since it 
fiooculates clay and prevents it from puddling. It is a 
commonly known fact that the addition of salt to the roily 
waters of a well will coagulate the suspended clay causing 
it to settle and leaving the water clear. 
An excess of salt is detrimental to tbe process of 
nitrification which is going on constantly during plant 
growth in fertile soils. Au excess therefore prevents the 
plant from obtaining sufficient nitrogen to reach maturity. 
This action of salt might be readily surmised from its well 
known antiseptic properties as illustrated in the use of brine 
in the preservation of meats and other substances. 
The only remedy for a soil surcharged with common 
salt is efficient and thorough drainage. 
SoDlUM SrLPHA'rE, Na:rS04.-This salt is a valuable 
fertilizer for cereals, potatoes\ grasses, clovers, peas, and 
other legumes. It is applied in doses of from 175 to 250 
pounds per acre. 
This sulphate as well as those to be rnentioned here­
after act in soils as oxidizing agents. By this action nitro­
gen in nitrogen compounds is changed into ammonia, car­
bon into carbon dioxide, etc. The ammonia thus produced is 
now seized upon by the nitrifying organisms in the soil and 
converted into nitrites and nitrates. It is from. these 
forms that plants largely secure nitrogen for building up 
their albuminoids. Moreover these albuminoids contain 
sulphur obtained from the breaking down of these same 
sulphates. 
Sodium sulphate is one of the chief ingredients of the 
so called "mild" or "bland" alkali which occurs as an i n -
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crustation on low places in various parts of this state. 
These places are mostly small, a few rods in diameter, and 
this salt can be removed from them by drainage. B, 
means of deep plowing and by the admixture of much 
coarse manure to decrease the capillarity of the soil in 
these places, large crops of grasses may be obtained. But 
the permanent cnre of all soils overcharged with this salt 
1s drainage. 
SomDt UAHBONATJ-; Na�CO,,.-This compound has a 
favorable effect upon vegetatiou when it is present in 
small quantities iu soils rich in organic matter. It fur ­
nishes .a readily salifiable base to unite with the nitrous and 
nitric acids produced by tbe nitrifying organisms present 
in all fertile soils. The organisms convert this carbonate 
into sodimu nitrite and nitrate, valuable fertilizers. 
But when present in large quantities the sodium car­
bonates constitute the dreaded "black alkali" which occurs 
in tmclrained places iu California, India and elsewhere· 
Black alkali is pernicious in its action upon both soils and 
plants. 1t puddles clayey soils, or as it is usually termed 
tmns them into "gurubo.'· It also dissolves the humus of 
fertile soils which it leaves in black rings or patches as 
the water evaporates from places where it has been stand­
ing in puddles. It is owing to this circumstance that it 
has received the name of black alkali. Its action on plants 
is corrosive, actually eating o f
f the plant at the crown . 
.Moreover this salt, as well as all ot the sodium salts, has a 
tendency to creep upward. Tho rising soil waters bring 
them up to the sudaco and leave them as a white im.;rui:;l,­
ation on the surface of the soil. Waters carrying much 
sodium carbonate should not be used for irrigation, 
unless, indeed, the land is first thoroughly underdrained. 
Analyses of the Rio Gran.de river waters covering a 
period from June lst, to �ov. 1st, 1893, show an average 
14 
of .0036 parts of sodium carbonate per 1000. (Bul. 12, N. 
M.) This water is considered excellent for irrigation. 
Hilgard gives the analyses of two artesian waters 
from the San Bernardino Valley carrying respectively 
.0102 and .0021 parts of sodium carbonate per 1000. 
(Waters and Water Supply, 1889.) He also reports in 
Warm Creek waters supplying the Riverside Canal, .020 
parts per 1000. These waters are considered good forirri­
gating purposes. In the C alifornia report for 1888 and 
1889 be gives the analysis of the artesian water used for 
irrigation at the San Joaquin Station. This water has 
.0334 parts of sodium carbonate per 1000. He thinks this 
water would require a corrective such as gypsum. 
But it would be difficult to state just how much of 
this salt might be considered safe for any particular sec­
tion. An amount that would be safe to use in one place 
might prove disastrous in another. This uncertainty is 
due to many factors, such as the saline constituents 
already present in the soil, and various climatic conditions 
such as rainfall, winds, humidity of the atmosphere, etc. 
Moreover, the mechanical condition of the soil and sub­
soil together with the natural drainage constitute impor­
tant factors iu the problem. These ·will be discussed 
further on. 
Soils containing an excess of sodium carbonate may 
be reclaimed by applications of gypsum 01· hy drainage or 
by both. There is a reaction bebveen the gypsum and the 
sodium carbonate whereby the carbonate is converted into 
the sulphate, in which condition it becomes mild, while 
the gypsum is changed into lime. Drainage simply carries 
the salt away. Sometimes it is best to apply the gypsum 
first and then drain afterward. This would undoubtedly 
l>e the best pbn for reclaiming the small gumbo patches 
which are found in a few places in this state. In this 
way the humus would bo retained and the sw-plus of salts 
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removed without detriment to the land. Such spots 
woulu then become exceedingly fertile and easy of culti­
vation. 
It will be noticed that none of the second flow wens 
contain sodium carbonate. In the Miller well, a first-flow 
well, sodium carbonate is also w;i.nting;. This is probably 
due to the fact that the water bas come in contact with 
or has passe<l through deposits of gypsum occurring in the 
water bearing rock itself. This supposition is strengthened 
by the large amount of sodium sulphate present. Another 
striking case is found iu the Aberdeen well where the first 
and second Bow waters are intermingled. Here the 
gypsum of the second flow well bas transformed nearly 
all of the sodjum carbonate of the first flow, only .010 
parts of the carbonate per thousand remaining. 
MAGNESJll).r Stn.PHATE, MgSO;r.-Magnesium compounds 
are indispensable to plant life. They form an important 
part of  the herbaceous and woody parts of plants and 
occur in the ashes of all seeds. It is in the seeds, however, 
that magnesiu m compounds occur most plentifully. It. ap­
pears that calcium and magnesium salts act more favor­
ably when they are used io  conjunction. 
Besides acting as a direct plant food magnesium com­
pounds also aid largely, and to a greater extent than 
sodium compound do, in the decomposition of soils to 
liberate potash and phosphoric acid in soluble forms. 
Magnesium salts are applicable to all crops. Magnesium 
sulphate is used in compounding certain special manures. 
It is also occurs to a considerable extent in the white i n ­
crustations o f  soils. In such cases, if it is too abundant, 
it can be rendered insoluble by applications of calcium 
carbonate or lime stone. The lime stone is thus changed 
to gypsum while the magnesium sulphate is changed into 
the more insoluble magnesium carbonate. 
MAGNESilTM CARBONATE, MgOO,.-Th.is compound of 
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magnesium is usually preferable to the sulphate, especially 
where the soil already has sufficient sulphates, owing to 
its greater insolubility. This carbonate is frequently ap­
plied to lands where dolomite or  magnesium limestone is 
used. Its actions is beneficial to s oils and crops alike. 
CALCIUM 0.ARBONA'l'I�, . OaCO.--Lime stone soils are 
famed for their fertility. It is not strange that this 
should be so. Lime improves the tilth of soils, prevents 
clay from puddling, promotes nitrification, assists in the 
decomposition of soils, and besides all this it is itself an 
important plant food. For our soils it is probable that the 
carbonate as it exists in our artesian waters is preferable to 
burned or quick lime. The a.mount that may be applied 
per acre is large, probably much larger than would be 
supplied by artesian waters for yearb to come. From 2 
t o  10 tons per acre of quick lime are used and in some 
countries this application is repeated every SL'{ or eight 
years. Lime may be applied to all crops and acts advan­
tageously where the supply of organic matter is fully 
maintained. If the organic matter is not maintained, lime 
aids materially in the rapid exhaustion of soils. 
Calcium carbonate is also au efficient agent in 
sweetening sour and boggy soils a. property possessed by 
n o  other salt of calcium. 
CALCil')l StrLPH.ATE, CaSOf'-Gypsum has been applied 
to land for many years. Its probable effects upon soils 
and vegetation have been a cau!-\e of much writing and 
speculation by agricultural chemists. So much indeed 
has been written concerning gypsum, and so  many differ­
ent qualities have been assigned to it aud so many 
theories as to its action have been advanced that even a 
brief resume of all these here w ould be ueither possible nor 
profitable. It is generally conceded that it may act in 
many respects like the common carbonate of lirue, like the 
other snpbates previously mentioned, and that it may fix 
• 
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the volatile ammonium carbonate of soils by converting it 
into the nonvolatile sulphate while the gypsum itself 
passes into calcium carbonate. 
It acts as a stimulant to plant growth in soils where 
lime and sulphates are wantiog and it may applied to any 
crop. But its best effects have been observed upon corn, 
grasses and clovers. 
Some agriculturists maintain that gypsum aids crops 
to withstand drouth. There may be some reason i n  this 
since gypsum cont.ains two molecules of water of crys­
tallization. From this ·water it is exceeclingly loth to 
part. So great is the tenacity with which this water is 
held that some agriculturists maintain that the plant is 
unable to appropriate it. But it may be possible that the 
powers of the plant in this direction have been underrated. 
One fact concerning it, however, is certain and that is that 
when gypsum bas been deprived of any or all of its water 
of crystallizatio11. it becomes exceedingly hygroscopic, so 
much so in fact, that it will soon make good its loss from 
the atmosphere if 'necessary or from dew, rain or soil 
moisture. No one is more painfully aware of the hygros­
copic nature of gypsum than the chemist who is endeavor­
ing to find the exact weight of the water free residue of a 
water carrying much gypsum. It does not seem wholly 
impossible then that gypsum might act as a water 
can'ier between the plant and the atmosphere. 
In this connection it might be well to mention that 
crystallized sodium sulphate. contains ten molecules of 
water of crystallization and crystallized magnesium sul ­
phate contains seven. They part with this water more 
readily than gypsum, and consequently they too might 
exert some influence in this direction. 
SILICA, SlO., .A..�D FERRIO OXIDE, Fei-Ow.-In natural 
waters these substances do not occur in these insoluble 
forms. But when the water is evaporated they assume 
' /" 
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the forms given here. Our soils are abundantly supplied 
with both substances. Both are necessary to plant growth 
and since they assume the insoluble condition so readily 
there is little danger of an injwious accumulation of them 
in our soils. 
In the regular course of analysis alumina is thrown 
down with the fron; but the quantity of both in any of the 
artesian waters is so sma11 that no separation was at­
tempted. Both are reported as ferric oxide. 
SOME NUMERICAL CONSIDERATIONS . . 
In the reports of the analyses which follo\v, the 
amount of each salt that e ach water carries is given in 
grams per litre or approximately in parts per 1000 at 
73 0 F. There is no uHiform JJractice followed by analysts 
in reporting results. Sometimes the results are given in 
parts per 10,000, or in parts of 100,000 or even in parts per 
1,000,000. Should it be desired to reduce the results given 
in tbis bulletin to any one of the other ratios it would 
simply be ne0essary to multiply thetn by 10, 100, or 1000 
as the case might be. 
Again some analysts report results in grains per Im­
perial gallon. The results as given here may be reduced 
to that scale by multiplying by 70. Again if it be desired 
to reduce the results as here given to grains per U. . gal­
lon, that may be accomplished approximately by multi­
plying by the factor 58.32%, sin<.;e the U. S. gallon of 
water at 60 ° F. weighs 58.329.G grains. 
But for some purposes it  is simpler to report results 
in parts per 1000 since it simplifies computations. For ex­
ample if we wish to determine hOw many pounds of 
residue per acre the waters of a well will furnish the soil / 
when a certain number of inches of water are used for 
irrigation purposes, the results may be obtained by multi- / 
plying the total solids of that water first by 2, then by 
' 
I . / 
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113.17, and then by the number of inches of water applied. 
The result obtained is so many pounds per acre. 
The chemical terms employed in thA analyses have 
been all'eady explained. It might be well to say here that 
the salts are reported in the anhy.drous condition. The 
following data are given to facilitate other computations 
that may be dosirod: 
1 gram=15.432 grains,=.03527 oz. avoirdupois=.03215 
oz. troy. 
1 litre=33.8149 fluid oz.=2.113 pints. 
DESCRIPTIONS AND ANALYSES. 
YANKTON (WBITrn'G) WELL, 
This well was put down in the year 1893 for the pur­
pose of irrigating Mr. ·whiting's nursery. The well has 
uever clogged nor thrown sand and the water is bard and 
very clear. First a 4! inch casing was sunk for a distance 
of 185 feet. Then the bore of the well was contracted. A 
three inch pipe extends from the top to the bottom of the 
well lackmg twenty feet. The last 22 feet were perfor­
ated. The drilling extended into the water bearing rode 
for a distance of 85 feet. About t,hree smaller flows were 
obtained before the hrge flow was reached. Some think 
that by going deeper still another flow may be had, but 
this is merely conjecture. The analysis indicates second 
flow water. Mr. Geo. H. Whiting, the o-w--ner of the well 
furnished the information. 
The altitude of Yankton is 1196 feet above the sea 
level according to rail road surveys. The mouth of the 
well is about 3 feet higher. The well is G21j_eet deep and 
the bottom of the well is about 678 feet above sea level. 
The pressure is 49 ,pounds per square inch when the well 
is closed. Mr. C. S. Fassett, State Engineer of Irrigation, 
estimates the flow to be from 300 to 400 gallons per 
minute, but the flow bas never been measw·ed. 
-,· 
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For irrigating purposes, the waters of this well are 
among the best in the state. The residue of solids carried 
by this water is less than that of any othel' well analyzed. 
The piping in this well is galvanized and this will make it 
one of the longest lived wells in the state. After stand­
ing a long time the water from this well deposits its iron 
as a reddish precepitate. 
No log was kept for this well. but the strata do not 
di.ff er much in all probability from those encountered in 
the Carr and Ritchie Mill. Well. The log of that well is 
appended. 
No. 
*LOG. CARR & RITCHIE J\fJLL WELL, YANKTON. 
KIND OF ROCK. 
Thick- Total. ness. Soil, sand and gravel . . . . . . . . . . . . . . . . . . . . . . 38 38 2 Chalk rock. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62 100 3 Shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 126 4 I lard rock. . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . 4 130 5 Sand (rock). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 164 6 :ihale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 229 7 Sand (rock). . . . . . . . . . . . . . . . . . . . . . . . .  . .  . .  25 254 8 Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  135 3x9 9 Sand and clay, sand water bearing . . .  . . . . . . . 100 489 10 Water bearing sand (rock ) . . . .  . . . . . . . . . . . . . . 106 595 •Vol. 4, Senate Ex, Doc. 1891- 2 .  
Since n o  uniform practice prevails in combining acids 
and bases to form salts, the bases and a1;ids will be re­
ported as well as the salts. 
ARTESIAN BASIN IN SOUTH DAKOTA. 
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YANKTON (WRITING) WELL. 
BASES AND AClDS. 
Sul1
,
huric anhydride, S03 . . . . . • . . . . . . . . • . . • • • •  
Chlorine, CL. ..... . . . . . . .. · . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 
Ferric oxide, Fe103 . . • .  . • • . . • • . • • • . . . . • • • . . . • • • • . • • .  
Lime, CaO . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Magnesia, MgO . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . .  
Silica, Si02 . • • • • . . . • • . • . . • • • . • . . .  , . • • • . . • . . • • .  
Soda, Na20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Carbon dioxide C02 • • • • • • • • . • • • . • • . • • • • • • • . • • . • • . • . . . .  
t'ans 
per 
Jn<>o 
. 7860 
.0996 
.0032 
.4304 
1054 
.o,,7u 
. 1384 
. 0548 
Total . . . . . . . . . . . . . . . . . . . . .  .' . . . • . . . . . . . . • . . . . . . . . 1 .  6248 
Oxygen displaced by chlorine . . . . . . . . . . . . . . . . . . 0225 
Total bases and acids . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . I .  6023 
Total solids by evaporation. . . . . . . . . . 1 .  60:-2 
Lithium, strong traces; potassium, traces; free am­
monia, trace; albuminoid ammonia, none. 
YANKTON (WHITING) WELL. 
Parts 
SALTS. per 
IOOO 
Sodium chloride, NaCl, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1643 
Sodium sulphate, Na2 SO,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .1172 
Magnesium sulphate, MgSO •. . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . 3160 
Caicium sulphate, Ca SO• . . . .  . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 8700 
Calcium carbonate, CaC03 • • . .  . . . . • • • . . . . . . . . • • • . . . • . . . . 1246 
Silica, Si02 • • • • . . • • • • • • • . . . . . • . . . • • . • • • • • • • • . . • • • . • . • . 0070 
Ferric oxide, Fe903 • • • . . . . . . . . • . • . • . • . • • • .  • . • • • . • . • • • • .0032 
Total salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 .6023 
Total solids by evaporation . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 6052 
TYNDALL CITY WELL. 
This well was constructed in 1888 and it supplies the 
city with water. It has never clogged nor has it been re­
paired. It ha·s throv\'n but little sand and none at all for 
the past three years. The water is used for all domestic 
purposes (except washing) and for watering lawns and 
gardens. One weak flow was passed before striking the 
one i n  use. The analysis shows that the water comes from 
, )  
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the second flow. There are upwards of 40 wells in this 
county. The water comes through a 4� inch common 
iron casing extending throughout the whole depth of the 
well. The information was fw-nished by Mayor V. 
Kabena. 
The altitude of Tyndall is 1418 feet and the depth of 
the well is 735 feet. Consequently the bottom of the well 
is about 683 feet above the sea level. The pressure is 39 
pounds per square inch and the fl.ow is 530 gallons per 
minute. The tempei·ature is 62.6 o F. 
By long sedimentation this water deposits a reddish 
iron precipitate. 
The Log of this well is as follows: 
*LOG OF TYNDALL CITY WELL. 
I I Thic-k-NO. KIND OF ROCK. ness. Total. -!--- -- ,- -
l Loam. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 4 
2 Yellow clay . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . 40 44 
3 Blue clay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  171 215 
4 Sha.le. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 315 
65 
Hard rock. . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 322 
Shale.. . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 397 
7 
I
Sand (rock). . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . 60 457 
8 Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243 700 
9 Water bearing sand rock. . . .  . . . .  . . . . . . . . . . . 35 7 JS (Srnpped on quartz). ,- - - - - ------ ------
•Vol. 4, Sen. Ex. Doc. 1891- z .  
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TYNDALL CITY WELL. 
BASES AND ACms. Sulphuric anhydride, S03 . . • .  • • • . . • . . • . . • • • • • . . • • • • • • .  Chlorine, Cl. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . .  Lime, CaO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
�e���ce�:id�gi!.�o� : :: : : : : : : :  : : : : : :  .·.·: : : :  : : :  : : � ·- : :  ·.·. : :  Silica, Si03 • • • • • • • • . • • •  • • · · • • • • • • · • • • • • • · • • • • • • · · • · • • s ,da, J:\a,v . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Ca, bon dioxide, C02 . • • •  • • • • • • • • • • • • • • • • • • • • • . . • . • . • •  
.Parts per 1000 .9842 
. 1478 
. 5118 . 1346 .0246 
.0076 .1732 .0398 Total . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . . . . . . . . . . . . . . . 2.0236 Oxygeu displaced by chlorine. . . . . . . . . . . . . . . . . . . . . . . . . . .  .0333 Total bases and acids. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 • 9903 Total solids by evaporation . .  . . . . . . . . . . . . . . . . . . . . . . . I . 9938 
Lithium, strong traces; potassium, traces; ammonia, 
free and albuminoid, none. 
TYNDALL CI'l'Y WELL. 
SALTS. Sodium chloride, Na Cl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . .  Sodium sulphate, Na2SO 4 • • • • • • . . • . • • . . • • • • • • • • • • • • • • • •  Magnesium sulphate, MgS04 • • • • • • • • . • • • • • • • • • • • • • • • • • •  Calcium sulphate, CaS04 • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  Calcium carbonate, CaC03 • • • . • • • • • • • • • • • • • • • • • • • • • • • • •  Ferric oxide, Fe308 • • • • . . • . . • . • • • • • • • • • • • • •  · • • • • •  • • • •  Silica SiO, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
.Pa, ts per 1000 
.2438 . (002 .4036 I .  I 199 .0905 .0246 
.0076 Total salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 9902 Total solids by evaporation . . . . . . . . . . . .. . . . . . . . . . . . .  I .9938 
AIDIOUR Cl'TY WELL. 
This well supplies the city water works. It was 
drilled in 1890. The water is used for all domestic pur ­
poses; in  fact other waters are not much used in  Armour. 
The well has never clogged nor thrown sand since it 
cleared itself the first week a.fter it was completed. At 
this time i t  threw out about one hundL·ed loads of sand. 
The water is hard and very clear and the analysis shows 
• 
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that it comes from the second flow. Upon long standing 
it deposits a reddish precipitate of iron compounds. 
An 8-inch casing goes down about 400 feet. Inside, 
a 6-inch pipe extends from the top to within about 70 feet 
from the bottom. This last 70 feet is not cased. Mr. B. F. 
Boylan furnished the information. 
The pressure of this well is 57 pounds per square inch 
and the ·flow is 1600 gallons p,er minute. The temperature 
is 68.3 ° F. The elevation of Armour is 1514 feet. The 
depth of the well is 7 57 feet aud the bottom of the well is 
about 757 feet above the level of the sea. The log of the 
well is as follows : 
·r'LOG OF THE .A.RMOUR Cl'l'Y WELL. 
.No. KINI) OF ROCK. Thick- Total. ness. 
I Soil . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .  1 
2 Yellow clay (sandy). . . .  . . .  . . . . . . . . . . . . . . . . 39 40 3 Blue clay (greasy) . . . . . . . . . . . . . . . . .  . . . . . . . . 47. 87 4 Blue shale. . . .  . . . . . . . .  . .  . . . . . .  . . . . . . . .  . .  . .  1 1 9  2o6 5 l.llack shale . . . .  . .  . . .  . . . • . • . .  . .  . .  .. . .  . .  . .  . . 49 2,5 6 Chalk rock . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 307 7 Lime rock (blue) . . . . . . . .  . . . . . . . . . .  . .  . . .  . .  26 333 8 Yellow sand rock . . . . . . . . .  . .  . .  . . .  . . . .  . 25 358 9 Yellowish sand rock soft . . . . .  . . . .  . .  . . .  . .  . . .  10 368 10 Gray sand rock very soft . . . . . . . . . . . . . . . . . . . 22 390 
1 1  13lui; shale. . . .  . .  . .  . .  . . . . . .  . . . .  . . .  . .  . .  . .  . . . .  50 440 12 Soap stone. . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . 25 465 13 Gray shale. . . . . . . . . . . . . . . . . . . . .  58 513 14 Blue shall'. . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 6o6 I ;  Lime rock (yellowish) . . . . . . . . . . . . . . . . . . . . .  25 631 
16 Biue shale. . . .  . . . . . . . . . . . . . . . . . . . . . . . .  . . . . 60 691 1 7  Layers of sand and shale . . . .  . . . . . . . . . . . . . . . 10 701 18 Sand rock (pure) . . . .  . . . .  . . . .  . . . . . . . . . . .  . . 56 757 *Vol. 4, Sen. Ex. Doc. 1891-2. 
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26 ARMOUR CITY WELL. 
BASES AND ACIDS. Sulphuric anhydride, 503 . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . Chlorine, Cl. . . . . . . . . . . . . . . . . . . • . . . . • . . . . . . . . . . . . . . . . Lime, CaO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Magnesia, MgO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Ferric, oxide, Fe.o,. . . . . . . . . . . . . . . . . . . .  . ���ca:·J�?6·. ·. ·. · . ....... . ... . ·. ·.·. ·. ·. ·.-. ·. · . .... : · . .... .. .. . ... .. ·. : : :  : :  : : : : : Carbon dioxide, CO, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Parts per 
1000 1.0214 - 1745 .5214 .1671 .0122 .0090 .2046 .0684 Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .  2 . 1786 Oxygen displaced by chlorine. . . . . . . • . . . . . . . . . . . . . . o 394 Total bases and acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. I 392 Total solids by evaporation. . . . . . . . . . . . . . . . . . . . . . . . . 2. 1386 
Lithium, strong traces; potassium, traceA; free am­
monia, trace; albuminoid ammonia, none. ARMOUR CITY WELL. 
SALTS. Sodium Chloride, NaCl. . . . . . . . . . . . . . . . . . . . . . . . . . .  . Sodium Sulphate, Na9SO• . . . . . . . . . . . . . . . . . . . . . . . .  . Magnesium Sulphate, MgS04 • . . . . • . . • • • • • • • . • • • • • • . • . . Calcium sulphate, CaS04 . . . . . . . . . . . . . . . . . . . ... . . . . . . . .  . Calcium carbonate, Ca CO 8 • • . . . . . . . . • . . . . . . . . . . . . . . . . . .  Ferric oxide, Fe208 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Silica, Si O 9 • • • • • • • • • • • • • • • . . . • . . • • . . • . • . . • • • • • • • . . . Total salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Total residue by evaporation . . . . . . . . . . . . • . . . . . . . . .  CHAMBERLAIN MILL WELL. 
Parts per 1000 .2879 . u86 .5011 ' 1 .0550 • I 554 ,0122 
.0090 
2. 1392 2. 13S6 
This well was constructed in 1890 for the purpose of 
supplying power to a flouring mill It answered this pur ­
pose admirably, but it is thought that the bore through 
the cap rock was too large for the pipe. This has 
caused a leak around the pipe which necessitated repairs 
this season. The leak is nearly closed but the repairs are 
not completed at this writing (November). 
\� \ ' \ 
I ' 
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This is an eight inch well throughout and it yields a 
flow of 5000 gallons of water per minute, with a pressure 
of 95 pounds to the square inch. But ·the pressure varies 
somewhat depending upon the leakage. The water flows 
clear and comes from the second .flow having a tempera­
t 1re of 71.6 ° F. This water deposits a reddish sediment 
of iron compounds upon standing. 
'l'he altitude of Chamberlain is 1370 feet and the well 
is 600 feet deep. The bottom of the well is about 770 feet 
above the sea level. Mr. Hopkins could obtain no in­
formation concerning the rock passed through but the 
strata could not vary much from that of the city well 
which is given below in a condensed form. The city welJ 
is on a high bluff while the mill well is lower down and 
close to the Missouri river. The bottom of mill well is in  
open sand rock. In this respect i t  differs from the city 
well. There is also less over lying clay. 
*LOG OF CHAMBERLAIN CITY WELL . 
No. KIND OF ROCK. 
Thick-
ness. Total. 
1 Soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .  3 3 
2 Clay . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 107 110 
3 Blue clay . . . . . .  . .  . . . . . .  . .  . . . . . . .  . .  . . . .  . . .  . 15 125 
4 Shale . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  . . . . . . . .  30 155 
5 Chalk rock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  260 415 
6 Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 500 
7 Slate . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . ... . . . .  21 521 
8 Sand rock. . .  . . . . .  . .  . . . . . . . . . . . . . . . . . . .  . . . 17 538 
9 Shale. . . . . . . . . . . .  . . .  . . . . . . . .  . . .  . .  . . . .  . . .  12 550 
10 Shale with layers of soft san.d . . . . . . . . . . . . . . 50 600 
11 Shale . . . .  . . . . . . . . . . .  . . . . . . .  . . . . . . . . . .  , . . 113 713 
12 fron pyrites and sand, first flow . . . . . . . . . . . . .  3 716 
13 Sand rock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 720 
14 Shale. . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . 38 758 
15 Sand rock, second flow. . . . . . . . . . . . . . . . . . . 2 "760 
16 Sand rock . . . . . . . . . . . . . . . . . . . . . .  '. . . .  . . . . . . 15 775 
17  Shale . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . 5 780 
LS Iron pyrites, sand shale . . . .  . . . . . . . . . . . . . . . . 5 785 
•Vol. 4, Sen. Ex. Doc. r&gr-:a. 
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28 CHilt:BERLAIN MILL WELL. 
BASES AND ACIDS. 
!'arts per 1000 Sulphuric anhydride, 503 . . . . . . . • . • • • • • . . • • • . • . • • • . • . . 1 .  0440 Chlorine, Cl . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . JO!H Lime, CaO. . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .. . .4554 Magnesia, MgO . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5ilJ Ferric oxide, Fe1Q8 • • •  . • . . • • . • • . • •• . . • . . • . • • • • • • • • • • . .01 16  Silica, Si01 . . . . . . • . . •  . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . .00b8 Soda, Na 2 () • • • • • • • • • • . • • • • • • • • • • . • • • • • • . • • • • •  , • • • • • • • • 25:16 Carbon dioxide, C01 . . . . • • . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .061!2 Total· . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 2.  IO!lti Oxygen displaced by chlorine. . . . . . . . . . . . . . . . . . . . . . . . 02-l6 Total bases and acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · 1 2.0850 Total solids by evaporation . . . . . . . . . . . . . . . . . . . . . . . .  2.0i:i26 
Lithium, strong traces; potassium, trace; ammonia 
free, trace; albuminoid ammonia, parts per million, .02. CHAMBERLAIN MILL WELL. 
SALTS. 
· !'arts per 1000 Sodium chloride, NaCl. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 800 Sodium, sulphate, Naso. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .3618 Calcium sulphate, Caso.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .8H20 Magnesium sulphate, MgSO• . . . . . . .  . . . . . . . . . . . . . . . . . . . .4i35 Calcium carbonate, CaC03 • • • • • • •  • • • • • • . . • • • • •. • • • • • • • • • . 15i3 Ferric oxide, Fe808 • • • • • • • • • • • • • . • • • • • • • • • . • • • • •  •. . • • .0116 Silica, Si01 . . . . . . • • . • . . . . • .  . . . . . . . . . . . . . . . . . • • • . . . . .0088 Total salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . .  2.0850 Total solids by evaporation . . . . . . . . . . . . . . . . . . . . . . . . .  :!.0826 KIMBALL CITY WELL. 
This well was drilled i n  1886 for city uses. It has 
never been repaired and has never thrown sand worth 
mentioning. The diameter of the well is 6 inches at the 
top and 4! inches at the bottom. It is not known whether 
the pipe extends to the bottom or not. In drilling this 
well the first flow was reached at 967 feet and the present 
t \ \ 
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fl.ow at 1002 feet. It is claimed that in other wells 
another flow has been found about 90 feet deeper. 
Mr. E. P. Ochsner gave the information. 
The temperature of this well is 66.9 o F. And the 
analysis indicates a second flow well. 'l'he water yields 
the usual deposits of iron compounds found in other second 
flow wells. 1'he depth of this well is 1067 feet and the 
elevation is 1828 feet, making the bottom of the well 756 
feet above sea level. 'l'he closed pressure is 22 pc,unds 
per square inch and the fl.ow is 300 gallons per minute. *LOG OF THE KIMBALL CITY WELL. No. KIND OF ROCK. Thick- T 1 I ness. 0 a · 
- -·1--------------- 1 -- - -
1 Clay. . . . . . . . . .  . . . .  . . . . . . .  . . . .  . .  . . . . . . . . . 230 230 
2 Quicksand. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . 100 330 
3 Shale. . . . . . . .  . . . .  . . . . . .. . . . .  . . . . . . . .  . . . . 610 040 
4 Sand rock . . . .  . . . . . . . . .  . . . . .  . . . . . .  . .  . .  . . 20 \160 
5 S,1lt and rock . . . . . . . . . . • . . . . . . . . . .  , . . . . . . . 20 980 
6. I-lard rock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 1188 7 Soft sand rock. . . . . . . . . .. . . . . . . . . . . . . 80 1068 *Vol. 4. Sen. Ex. Doc. 189 1 - 2. KIMBALL CITY WELL. 
8ASES ANI> ACIDS. Sulphuric anhydride, 503 • • . . • . • . • . . . • • . . • . . . . . • . • • . •  Chlorine, Cl . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . .  Lime, CaO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Magnesia1 MgO . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · . · .  · · · · • · · Ferne oxide, Fe103 . • . . . . • . • • • • • . • • . • . • . • • • • • . . . • . . • • •  
Silica, SiO, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Soda, Na20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .  . Carbon dioxide, C02 . • • • • • • • • • • • • • • • • • . • • • • . • • . • • • . • • •  
J 
Parts per 1000 
1 .0698 . 1 0:!3 .o�i7 
.1612 .OU\JO .0072 
.1861 
.Oi20 Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2. 1353 Oxygen displaced by chlorine . . . . . . . . . . . . . . . . . . . . . . .  .0231 Total bases and acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2. 1 122 Total residue by evaporation. . . . .  . . . . . . . . . . . . . . . . . . . 2. 1166 
/ 
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Lithium, strong traces; potassium, traces; free am­
monia, trace; albuminoid ammonia, none. KIMBALL CITY WELL. 
SALTS. Sodium chloride, NaCl . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Sodium sulphate, Na2SO'.l . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . i'l'lagnesium sulphate, Mg:s04 . . . • • • • • • • • • • • • • • • • • • . • • • • .  Calcium sulphate, CaSO, . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Calcium carbonate, CaC03 • • . • . • • . . . . . . . . • . . . . . . . . . . . . .  Ferric oxide, Fe208 . . . .  . . • . . . • • . • . • . •  - - • - • • · • · · · · • · · · Silica, Si02 • • . . . . • . . . . . . . • . . . . • • . • • • • • . • • • . • . . • • . . . . 
Parts per IOOO .1688 .2211 .4834 1 .05112 
. 1636 .f090 .0072 Total salts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 1123 T��l. soli�� hy evaporation . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 . 1166 WOONSOCKET CITY WELL. 
This well was drilled in 1890 for city uses. When 
first made it was cased with 6-inch casing down to the 
cap rock, a distance of 680 feet. The well was shut of
f 
entirely in the fall of 1891. Upon opening an immense 
amount of detritus was thrown out and the fl.ow has 
never reached its original volume since. When first 
opened it flowed 3300 gallons per minute. After much 
difficulty the well was repaired by inserting a 4 inch pipe. 
Since that time the wateL· has been nearly clear. [t comes 
as has been supposed from the sec.;ond flow. But the 
analysis would seem to indicate a first flow water that 
has been transformed by coming in contract with beds of 
gypsum. The large amount of sodium sulphate present 
hardly seems probable in a pure second flow well. 
This is about the only water used in Woonsocket. 
Its temperature is 61. 5 o F. 
This well was faulty in construction. The last 41 
feet should have been cased with perforated pipe. Had 
this been done no doubt the well would be running. 
through the ori�ual 6 inch casing with its full foroe. 'l.'he 
\ \ 
31 
original pressure was 153 pounds per square inch, but this 
has fallen off to 130 pounds, while the flow has diminished 
nuder the altered conditions. 
The altitude of v,., oonsocket is mus feet and the well 
is 725 feet deep which leaves the bottom of the well 683 
feet above the sea level. It will be uoticed that the bot­
tom of t.his well is about n feet lower tha.n thnt of the 
Kimball well. Tf the flow be a first flow the dip of the 
\Vater bearing rock from Kiml>aH to Woonsocket must be 
over from 100 to 150 feet in less than 50 mfles. The sedi­
ment formed io this water by long standing was slight but 
different from that of the other second flow wells. It had 
som1:1 iron, a little sand and a little clay. The two latter 
could be accounted for by the faulty construction of the 
well, but the iron compounds were not so prominent as in 
the \.volls previously noted. But the chlorine, lime and 
magnesia, present seem to indicate a second flow well. 
It is possible that the waters consist of both flows. ·X·LOG OF WOONSOCK.E'I' CI'l'Y \\',lsl,L. No. KIND OF ROCK. jThick· Total. 
Dt!SS. _ __ _  ,
, 
_ _  l Soil and clay . .  . . . . . . . . . . . . . . .  . 2 -.hale . . . . . . . . . .  . . . . . .  . . . . . . . . . . .  . 3 Iron pyrites (soft sand rock) . . . . . . . . . . . . . . .  . 4 Shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 5 Hard sand rock, iron pyrites . . . . . . . . . . . . .  . 6 Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
7 i lard �autlcap rock . . . . . . . . . . . . . . . . . . . . . . .  . 8 Soft ,and rock (water) . . . . . . . . . . . . . . . . . . • • .  
I *Vol. 4, lJ. S. Sen. Ex. lJoc. 1891-2. 
I. 
1 10 110 
210 350 
� 352 
180 532 
30 562 I I  H80 
4 684 
I t  1 725 
32 WOONSOCKET CITY WELL. 
BASES ANO ACIDS. 
• Sulphuric anhydride, 503 • • • • • • • • • • • • . . • . . • . . • • • • • .  Chlorine, Cl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Lime, CaO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . · - . .  - · :\bgnesill, '.\f gO . . . . . . .  _ . . . . . . . . . .  - . - . . . . . . . . . . . . .  . Ferric oxide, Fe208 • • • • • • • . • • • . . • • • • • • • .  - • •• ••• • •  - • • • • · Sihca, Si02 . • . .  . • . . . • • . • • . . • • • • • . • . • • • • • • • • • • • • • • • .  Soda, Na.v . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Carbon dioxide, CO, . . . . . . . . . . . , . . . . . .  _ . . . . • . . . . . . . . . .  Tota.I . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Oxygen displaced by chlorine . . . . . . . . . . . . . . . . . . . .  . 
Parts 
per 
1000 
1.0090 
.068! 
.3120 
. 1234 .00i2 
.0256 .411;0 .07 1 7  
2.0243 
.0154 Total bases and acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.0087 Total residue by evaporation . . . . . . . • . . . . . . • . . . . . 2 .0100 
Lithium and potassium, traces; free ammonia, per 
million, .06; albumiuoid ammonia, none. WOONSOCKET CITY WELL. 
SAC1"S. Sodium chloride, NaCl. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . S0<hum sulphate:, Na1SO• . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Magnesium sulphate, MgSO, . • . . . . . . . . . . . . . . . • . . . . . . . . .  Calcium sulphate, CaS04 • • • • . • • • • • • • • • . • . • • • • • • • • • • • • •  Calcium carbonate, CaC03 • . . • • • • . • • . • . . . . • . . • . . . . . . . •  Ferric oxide, Fe108 . . . . . . . • • • . . . . • . . . • • • • • • . • • . . • •  , • • •  Silica, Si01 • . • • • • • • • . • . . . . . • • . . . . . . . • • • . • • . . • • • . . . . • .  
!'arts per l!)()Q . 1 128 .7941 .3701 
.536 > 
. 1630 
.0072 
.0256 Total salt� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 :!.C.088 Total s.>lids by evaporation . . . . . . . . . . . . . . . . . . . . . . . . .  �.VlOO EAST PIER.RE INDIAN SCHOOL WELL. 
Thi� \Vell was sunk for the use of the Indian school 
located at East rierre. The purposes for which tho water 
is used are to supply the ordinary needs of the school and 
to irrigate the large gardens in connection therewith. 
An eight inch casing extends down 475 feet into gray 
shale rock. Within this is a 6 iucb casing which extends 
\ j 
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from the top of the well to within 30 feet of the bottom. 
The pressure is about 166 pounds to the square inch and 
the flow is about 900 gallons per minute. The temperature 
of the water is 91.R o F. 
This a fil'st flow well and its \vaters are uuique. It 
can-ies a larger residno than any other well of the t,venty 
anaJyzed. Its waters are cha1·ged with met.h::i.nA ga8 and 
they also carry au enortnous quantity of ammonia for a 
deep well water. But this arnmouia does not militate 
against the purity of the water. since it probably owes 
its oc·i�in to the same causes that produce the methane. 
The strong flow of gas was fo uud iu No. rn. at a depth of 00 
feet. Other deep wells are repol'ted as carrying small quau­
titiPs of natural gas which probably come from some coal 
m1::asmes of very limited extent. �L'his water is further 
rPmarkable for the almost entire �bsence of sulphates, the 
sulphates being replaced by chlorides. It is extremely 
doubtful if this water proves of value for irrigation. The 
largf\ amount of common salt and sodium carbonate point 
in this direction strongly. Tts greatest value will pro­
bably be found in its medicinal qualities. Another well 
has beP.n opeued at the Locke Hotel, Pierre. The waters 
are very similar to those of the School well. The East 
Pierre water gave no sediment upon standing. 
The altitude of Pierre is 1440 feet and the bottom of 
the well is 248 feet above the level of the sea. 
I \ 
*LOO OF EAST PIERRF. J);OlAX :'ICHOOl, WF.T,L . 
. 
No. KINll OJI IH)C'K. 
Thick-I T I Ola . ne��. 
z 3 4 5 6 i 8 
9 
10 
J I  
12 
13 
14 
15 
16 17  
18  19 
Gumbo . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . Yellow clay (sandy) . . . . . . .  , . . . . • . . . . . • . . . .  Blue sandy clay. . . . . . • . • . . . . . . . . . . . • • . . . .  Blue clay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Gray shaie . . . . . . . . . . . . . . . . . . . . . Blue shale with hard streaks of rock . . . . . . . .  . Rinck shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Blue �hale . . . . . . . . .. . . . . . . . . . . . . . . . . . . • . . . Gray Shale . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . .  Blue lime stone very hard. . . . . . . . . . . . . . .  . Gray shale. dark color . . . . . . . . . . . . . . . . . . . .  . Blue shale . . . . . . . . . . . . . . . . . . • . . . . • . . . . . • . .  Dark gray shale . . . . . . . • . . . . . . . . . . . . . • • • . . .  Yell ow lime rock . . . . . . • . . . . . . . . . . . . . . . . . . .  Blue shale sticky . . . .  . . . . . . . . . . . . . . . . . . . .  . Blue shale cave> . . . . . . . . . . . . . . . . . . . . . . . .  . Blue shale with streak� of �and and lime . . . .  . Sand rock, white, 111ain flow . . . . . . . . . . . . . . .  . Shale light color. . . . .  . . . . . . . . . . . . • . . . . . . . . 
*1893 Rep. Stale F.ng. Irrigation. 
10 
25 
20 
1 7  
20 
88 
70 
70 
145 
3 
132 
1 10 
'160 
s 
4, 
9" 
140 
20 
22 
EAST PIERH.E INJJlAX SCFJOOJ. WELJ,. IIASl!S AND ACIH�. Sulphuric anhydride, ;S03, . . . . . . . . . .  • • • • • • • • • . • • • • • • • •  Chlorine, Cl . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . .  Lime, CaO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . Magnesia, MgO . . . . . . . . . . . . • . . . • . . . . . . • . . . . . . . . . . . . . . .  F'erric oxide, Fe%08 • • • • • • • • • • • • • • • • • • • . • . . • . .  - . .  - - • • • •  
s;:;;�· J!?u: : ·.: : : ·. ·. : : ·. ·_ : . : : : : : : : ·. : ·. : : : : ·. ·. : : : : : : : : : : : : Carbon dioxide, C02 • • • •  . • • . • • • • • • . • • • • • • . • • • • • • • • • • •  
10 
35 
55 
72 
92 ,So 
250 
320 
465 
46}! 6oo 
710 
870 
875 
920 
1010 
1 150 
I 170 
1192 
Parts per 1000 
trace ... 1 . 7001 .0432 
.0024 .00:,1 .Ol22 
1 .822H 
.2734 Total . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . .  3 .8596 Oxygen displaced by!chlorine. . .  . . . . . . . . . • . . . . . . . . . . . . . . . 38Wi Total bases and acids . . . . . . . .  , . . • . . . . . . . . . • . . . . . . . . 3 .  4760 •ro1nl·ijolid3 by, evnporation . . . . . . . . . . . . . . . . . 3 .4700 
Lithium, traces; potassium, strong traces; free am­
monia, parts per million, 6.05; albuminoicl ammonia, 
none. 
35 EAST PlERRF. fNDIAN SCHOOi, WELL. 
SAl,TS. 
Parts per 1000 Sodium chloride, .'.'!aCI. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2.805:! ::-.odium carbonate, :,.!n9C03. . . . . . . . . . . . .  . . .  • • • • • • • • • • • • • .i>7ll Magnesium carbonate, MgCO, . . . .  . • . . . . . . . . . . . . . . . . . . .< 05(J Calcium carbonate, Ca CO�. . . . . . . . . . . . . . . . . . . . . . . . 077 1 Ferric oxid�. Fe203 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. • .00.'>-l Silica. Si01 . . . . . . . . . . . . . . . .  . .  . .  . .  . .  . .  . .  . .  • • . • • . .  . .  .UIZ2 Total salts . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  • . .  · 1 3 .4 760 Total residue by c, aporation . . .  . • . . . . . • . . . . . • . . . . . . 3 .4  jfl() RAIU<OLD crrY WELT •. 
'rhis well was sunk in 1888 for town purposes. An 
-in<'h casing cxtendR down 405 feet from the top of the 
well. Within this a Ht inch pipe extends downward from 
the t,op 1002 feet. In the bottom of the well there are !>i50 
feet of ='>} inch pipe. the last eighteen ff'et of which are 
perfor .. tted. 'l'hc well ha::; uever been r·epaired. It clogged 
with sn.11d in 1889, hut it was readily opened hy means of 
au i,·on weight on tlw end of n rope. lt has thrown some 
sand lint for the µast year or two the watet· has been 
c.leFir. :\1lr. W. A. Licbtenwallnet· gave the infonnatio11. 
The altitude of Harrold iR 1801 ff'et anrl the well is 
J.4:'j,3 ft>et deep, making the bottom of the well abont :1411 
feet al,ove the level of the sea.. 'fhc temperature of this 
,n1ter is H-1.9 o F. 'rhe closed pressure of thi:-- well iA 27 
pou11(1i.; to the square inch and the flow is 4 gallons pet· 
minute. ThiR water gave no sedimenl, after standing . 
. \ 
36 "*LOG OF RARROLD CITY WELL. 
No. I 
Kl ND OF ROCK. 
'Thick- lTn1 a I. llt:S� I Soil . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . 2 2 2 Yellow clay . . . . . . . . . . . . . . • . . . . . . . .  • • 38 40 3 Ulue clay . . . .  . . . . . . . . . . . . . . iO ll(J 4 Bowlders in clay . . . . . . . . . . . . . . . 15 125 5 Blue shale . . . . . . . . . . . . . . . • . . . . . . . . . . . l:i5 280 6 Limestone .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 282 7 Blue shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168 450 8 Gray shale, streaks limes,one. . . . . . . . . . .  . . . . 100 550 !cl Black shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 KOO 11) Black sandy shale . .  . . . . . . . • . . . . . . . . . . . . . 140 740 II  Gray shale . . . . . . . . . . . . . . . . . . . • . • • . . . . . . . 160 900 I�  Blue shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 1300 
13 Blue shale, streaks limcs10nc. . . . . . . . 133 1433 I i  Lignite. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1435 15  Sandstone main flow . . . . . . . . . . . . .' . .  16 1451 lfi Brown shale ..... . . . .  . . . . . . . . . . . . • . . . 2 1458 *Vol. 4, Sen. Ex. Doc. 189 1 - 2. BAROl�D CITY WEU,. 
BASES AND AC(l)S. 
Parts per IOOO Sulphuric anhydride, S03 . . . . • •  • . • • . . . • . . • • . • • • . • • . • • . • 2562 Chlorine, ;ct. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4867 Lime, CaO . . . . . . . . .  . . . . . . . . • . . . . . . . . . . . • •  . .0160 Magnesia, MgO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0274 Ferric oxide, Fe,03, . . . . . . . . • • . . • • • • . • . . • . . • • . . • • • • • • trace ��l:�· J��o".·.·. ·. ·. ·. ·: . . _ ._ · . . .... ........ . ... .... ·.·.·.·. : : :  ·. : : : : : : : : : : : :  ' :��:� Carbon dioxide, C02 . . . • • • • • • • • • • • . • . . • • • • . . • • • • . . . .  i .2010 Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 .8477 Oxygen displaced by chlorine . . . . . . . • . . . . . . . . . . . . . . . . 1098 Total.\bases and acids . .  : . . . . . . . . • . . . . . . . . . . . . . . . . . .  r 1 .  73�9 Total sohds by evaporation. . . . . . . . . . . . . . . . . . . . . . . . \ .  7456 
Potassium, faint trace; lithinm, trace; free ammonia, 
parts per million, .02; albuminoid ammonia, parts per mil­
lion, .02. 
' 
HA.HOLD Ol'l'Y WELL. 
SALTS. Sodium chloride, NaCl . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . Sodium carbonate, Na2CO,i . . . . . . . . . . . . . . . . . . . . . . . . • . . . .  Sodium sulphate, Na2 S04 • . • • • . . . . • . • • . . . . . • • • • . . . . . . •  Magnesium carbonate, MgCO, . . . . . . . . . . . . . . . . . . . . . . . . .  . Calcium carbonate, CaCO:. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Silica Si00 • • • • • • • . . . • • . • . . • • . • • • • • • . . • . • • . • • • •  Total sails . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Total solids by evaporation . . . . . . . . . . . . . . . . . .  . )CCLLEll TOWNSHIP WELL. 
Parts per 
1000 .802\J .3817 
.4550 
.0575 .0286 .0122 
I .  7:t7!J 
1 .  7456 
This well is a new one and was completed in 1894. 
1'he water is used for watering stock, for all domestic pw·­
poses and for watering lawns, trees and gardens. Thus 
far it has proveu very satisfactory. It ha·s not clogged nor 
thrown sand to any extent. .A few giains of coarse sand 
were found in the sample analyzed, bnt no sediment was 
deposited by standing. 
The pipes used in the construction of this well are as 
follows, each extending from trle top downward : 213 feet, 
ti-inch; 680 feet, 4t inch; and 1 106 feet, 3-incb. 'I'he bot­
tom lengths of the inner pipe were not perforated. 'l'he 
well is situated iu the city but it is owned by the town­
ship. 
'The altitude of Miller is 1586 feet, the depth of the 
well is 113H feet, and the bottom of the well is a.bout 447 
feet above the level of the sea. 'l'he closed pressure is 118 
pounds per square inch and the flow is 363 gallons pet 
minute. The temperature of the water is 79.8 ° F . 
. The following log is taken from the report of Com­
missioner A. · S. Ober to the Miller township board. He 
wncludes his report by saying : "Making the depth of the 
well 1139 5-12 feet." But it appears upon adding the thick­
ness of the different strata that there is a discrepancy of 52 
fe�t. just where the discrepanc..;y exists, whether iu the 
:l:,i 
thickness of the strata or iu the depth of the well I have 
been unable to learn. This well cost ;;;2,830.50. LOG OF 'l'l:IE J\tll,LER TOWKSHIP WELL. No. KlNO o�· KOCK. Thick- Total. ness. 2 3 4 5 6 7 8 9 10 I I  12 IJ 14 1 5  r6 J 7 18 19 zo 21 22 23 24 
Clay . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Sand . . . . . . . . . . . . . .  . Clay . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . .  Sand . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . .  Sand and clay . . . . . . . . . . . . . . . . . . . . . . . . . . .  . l:llue clay. . . . . . . . . . . . • . . . . . . . . . . . . . . . . . .  . Sand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Sand blue clay . . . . . . . . . . . . . . . . . . . . . . . .  . Water bearing sand . . . .  . . . . . . . . . . . . . . . . . .  . Light sandy shale. . . . . . . . .  . Sand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Sandy shale . . . . . . . . . • . . . . . . . . . . . . .  Dark shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Light shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Dark Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Sand rock . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . Soap stone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Sand rock and iron pyrites . . . . . . . . . . . . . . . .  . Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Blue shale and lime rock . . . . . . . . . . . . . . . . . .  . Sand rock . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . Shell rock and iron pyrites . . . . . . . . . . . . . . . . .  . Cap rock . . . . . . . . . . . . . .  . Water bearing rock . . . . . . . . . . . . . . . . . . . . . .  . 11.tILLER 'J'OWNSHIP WELL. JlASl!:S AND ACIDS. 
1 5 3 4 5 26 10 20 62 12 240 3 10 130 115  121 3 169 
,;, 20 
54 2 28 10  24fz 
Sulphuric anhydride, SO:i . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  < :hlorine, C:J . . . . . . . . . . • . • . . . . . . . . . • . . • . • • • • . • • . • • • . . . •  Lime, CaO . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . Magnesia, MgO . . . . . . . . . . . . . . . . . . . . . . . . • . . . . .  Perric oxid�, Fe203 . . • • . • . . . • • . • • • •  • • • •  • • • ••·•• · • • • • • • · �ilica, Si02 . . . . . . . • . • . . . • . • • • • • • • • • • . . • • • • • • • • . • • • • •  Soda, Na2() . . . .  . • . • . . . . • . . . . . . . . . • • • . • • • . . . • • • • • • • • •  Carbon dioxide, C02 • . . • • • • • . • • • . • • • • • • • • • • • • . • • . • • • • •  Tot:il . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Oxygen displaced by chlorine . . . . . . . . . . . . . . . . . . . .  . 
1 5  18  22 27 53 63 83 145 157 397 400 410 540 655 776 779 948 949 969 IOZJ 1025 1053 1063 I087li\ 
Parts per 1000 .9667 .0910 
. 1883 
.0886 trace 
. (){)ll2 
.6156 
.0935 2.0529 .0205 Total bases and acids· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.0324 Total residue by evaporation . . . . . • . . . . . . . . . . . . . . . 2 .  0390 
:rn 
Potassium and lithium, traces; free ammonia, parts 
per million, .03; albuminoicl ammonia, parts per million, 
.04. MILLER 'l'OW�SlHl' WELL. 
SAT.TS. 
Parts per H)()() Sodium chloride, Na Cl. . . . . . . . . . . . . . . . .  . . . . . . . • . . . . . . . . . 1501 Sodium ,ulphatc, Na.SO, . . . . . . . . . . . . . .  . . . . . 1 .221.io Magnesium sulphate, MgS04 . • . . • . • • • • • • • • •  • • • • • • • • • • • • .2657 �alc!um sulphate, ca_so,. . . . .  . . . . . .  . .  . . . .  . . .  . . . . . . . . . . .  . 168:.l Calcium caroonate, CaCu, . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . 2.125 Silica, Si02 . • . . . . • • . • • . . • • • • • • •  • . • • • . • • • • . . . • • • • • • • • • .0092 Total salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · I :.! . 1132i! Total solids by evaporation. . . . . . . . . . . . • . . . . . . . . . . . . 2 .  oa�l\J 
l:llf l{OX (HISUOK) \\'ELI.. 
This well is situated a Rhort distance north of Huron. 
lt was constructed iu mm. lt was s1mk in bopes of ob­
taining natw·al gas. At a depth of 9fi0 feet thr skong 
flow of wattlr encountered prevented fw·ther wol'k. An 
8 -iuch casi11g extends downwards 70:1 feet aud within this 
a 6-inch ea. iug goes from the top to within 58 feet of the 
bottom. 'l'he well is 960 feet deep a11d the elevation is 
1290 feet making the bottom of the well 330 feet above, 
sea. level. The closed pressm·e is 165 pounds to the square 
inch and the tlow is 2250 gallous per minute. This well is 
supposed to be capable of developing 100 horse power and 
of covering 20 a<..:res 6 inches deep every 24 hours. The 
well is tmder litigation and is not used at present. This 
water deposits the usual sediment of iron found in second 
flow wells. 
11LOG 01'' 'l'l:fE J:illR.0� (Hl@ON) WELL. 
No. KIND OF ROCK. Orciinary clay and shale to small flow . . . . . . .  . � Rock and iron pyrites . . . . . . . . . . ;{ Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . ..t Limestone, second flow . . . . . . . . . . . . . . . . . . .  . 
5 1:::.h ... Jly lime, third Row . . . . .  . . . . . . . . . . . . . . ti I Shale . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . .  , ,and and shells, fourth flow . . .  , . . . . . . . . . • .  8 Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . \J Shelly lime, fifth flow . . . . . . . . . . . . . . . . . . . . .  . 10 Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l I Shelly lime, sixth flow . . .  . . . . . . . . . . . . . . . .  1 2  Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Thick· ness. 
240 5 215 
5U :! 
� 
5 ;!5 1 
4!1 
I \.I 
Total. 
240 
245 
480 
510 
or:i 
6UO 605 
640 041 1190 6!ll 70  13 White shale and sand rock, seventh flow . . . .  . 3� 703� 
733 14 Water bearing rock . . . .  . . . . . . . . . . . . . . . . . .  15 White slate with "ater . . . . . .  . 211x 850 
Iv Flint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I j Sand and slate. . . . . . . . . . . . . . . . . . . . . . . . . . lb Very0hard cap rock . . . . .  . . . . . . . . . . . . . • . .. 19 Soft sand rock, flow . . . . . . . . • . . . . . . . .  �·J Soft sand rock, heavy flow . . . . . . . . . . . . . . . . .  . *Vol. 4, Senate Ex. Voe. 1891- 2 .  Bl'RON {RJSDON) W.&LI.. 
H/\SES A.Kil ACIDS. 
l 17 
1;20 2(1 12 
3·· ,) 
25 
Sulphuric anhydride, SO, . . . . . . . . . . . . . . . . . . . . . . . . . . • .  Chlorine, Cl . .  . . . . . . . . . . . . . . . . • . . . . . . . . . . • . . . . . . . . .  Lime, CaO . . .  . . . . . . . . . . .  . 
87J 
890 902 935 
!l6U 
I Pans per 1000 
Magnc,,ia, �lgO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . .  I Ferric rixidc, Fe20, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
.9806 . 1:!W . 3:l..tO . 1421 .0-290 0080 
.3743 .0684. Silica, SiO, . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Soda, Na•O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . .  Carbon dioxide, C01 . . . . • • . • • • • • . . . .  , • • . . . • • . . . • . . . . . .  Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Oxygen. displaced b) ,chlorine . . . . . . . . . . . . . . . . . . . . . . . Total basc��and acid, . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Total solids by e,•aporation .. . . . . . . . . . . . . . . . . . . . . . . . . 
2 0613 
.0280 
2 .0333 
2 .0328 
Lithium, traces : potassium, faint trace, free ammonia, 
parts per million . .  04; albuminoid ammonia ., parts pei· mil­
lion, .02. 
; , 
��: �-� ·�-
��;· . . .• 
J" .... t�· 
1fl.lSOON ARl!:51AN Wl:Ll. e,,,. '"""'· 
'I\�\\� I;\ • _: o,�:n-l\ . 'u \\ 'I\. (Y"\ f\ . 
11 U ltON' ( RISDON) WELL. 
SAl.'IS. Sodium cloride, NaCl. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Sodium �ulphate, �a��O_.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Magnesium sulphate, MgSO , . . .  : . . . . . . . . . . . . . . . . . . . . . .  . Calcium sulphate, CaS04 • • • • • • • • • • • • • • • • •  , • • • • • • • • • • • •  Calcium carbonate. Cal.03 • • • • • • • . • • • • • • . • • . . . . . . • . . . . .  Ferric oxide, Fe208 . • • •  • • • • • • . • • • • • • • • • • . . • . • • • • • • • • •  Silica, Si02 • • • •  • • • • • . • • • • • • • . • • . . . • • •  • • • · · • · • • · · · • · · 
I Parts per 1000 .:!Otti 
.6083 . 1201 
. li020 . 1551 .0290 
.0080 Total salts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.0334 Total solids by evaporation.. . . . . . . . . . . . . . . . . . . . . . . . 2. 0828 IROQUOIS CITY WELL. 
'l'his well was coustructed in 1890 for city use and it 
has never been repaired. It flows a little sand and mud 
at times but uot so much at present as formerly. The 
sample analyzed was slightly tul'bid. The swall residue 
by sediwentation consisted of clay, lime and a few gl'ains 
of coarse sand. 
Thero are some discrepancies in the reports regarding 
the flows encountered. Some say that the first weak .floo/ 
encountered was reached at 885, others say at 500 feet. 
Some say that the present flow was reached at 900 feet, 
and others say it was 840 feet. The depth of the well is 
also questioned . . rrhe analysis shows i.t to t>e a first flow 
well The pipe was perforated to take hoth flows. Mr. 
J. L. Hammond gave the information. 
The casing used is of thl'ee different sizes, 6-inch, 
5-inch and 4t inch. The depth of the well said to be 1 l35 
(1100. See log) feet; the altitude is 1403 feet and the bot­
tom of the welJ is about 268 feet above the level of the 
sea. But it is likely that the bottom of the weJJ is nearer 
300 feet above the· sea level. The closed presstu·e is 85 
pounds to the square inch and the flow is 218 gallons per 
minute. The temperature of the water is 71.4 o F. 
43 ·:,LOG OV 'l'HE IH.OQCOII::' Cl'l'Y WELL. No. KINI> OF R0CK. Thick- Total. ness. , _ _ __ _ _ _ l Black loam. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ::! � 2 Blue clay . . . . . . . . . 40 -l2 :1 Shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 358 400 -1. Sand rock, very light flow . . . . . . . . • . • . . . . . . 2 {02 5 Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1\l8 �00 Ii Sand rock, very light . . . . . . . . . . . . . . . . 2 tltl2 j Shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24.8 850 8 Sand rock, flow. . . . . . . . . . . . . . . . . . . . . . . . . . . f> 855 9 Sand rock, no flow . . . . . . . . . . . . . . . . . . . . . . . . o5 9 IO 10 Soft rock, probably shales. . 190 !JOO *Vol. 4, U. S. S.-n. Ex. Doc. 1891-2. lROQllOIS CITY WELL. 
Sulphuric anhydride, 503 . . . • • • • • . . . • • . . • • . • . . • . • . • • • •  Chlorine, Cl . . . . . . . . . . . . . . . . . . . . . . . . . .  . Lime, CaO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Magnesia, MgO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
j"�i��: ll��: :��� �:'1: 
:
- :- : : : : : : : :- : : : : : : : : : : : 
:
· : :  : : :.: : : : : : : Carbon dioxide, CO, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . Oxygen displabed by clortn1;: . • . . . . . . . . . . . . . . . . . . . . .  Total bases and acids. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Total ,esidue by ,:vaporat10n • . . . • • • . . . . . . . . . . . . . . . .  
l'a. rt� per 1000 . ij( 1�-t5 . 1;i-;5 .OJU9 .0168 .00-1.0 .OOfiO .98tl() . 1280 2 .21k7 .03�ii 2 .1832 2. 1880 
Potassium and lithium, strong traces; free ammonia, 
parts per million, .02; albuminoid ammonia, parts per mil­
lion, .04. 
LROQLJOIS. CI'rY W.t,;LJ,. 
SAL.TS. Sodium chloride. Na Cl . . . . . . . . . .  . . . . . . . . . . . . .  Sodium sulphate, Na,SO'.I.. . . . . . . . • . . . . . . . . . . • . . . • . . . . . . .  Sodium carbonate, Na2CU37 • • . . • • • • • • . . • . . . . . • • • • • . . . .  Magnesium carbonate, MgCO, . . . . . . . . . . . . . . . . . . . . . . . .  . Caicinm carbonate, CaC03 . . . . . . • • • • • • . . . . . . • • . . . • . . • . .  Ferrric oxide. Fe$0,. . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Silica. SiO, . . . . . . . . . . .  . . . . . . • . . . . . . . . . . . . . . . . . . .  Total salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Total solids by evaporation. . . . . . . . . . . . . . . . . . . . . . .  . 
HITCHCOCK CITY WELL. 
· 1 Parts per 1000 
. 2598 
l.Gl53 
.24il2 
.0353 
.0195 
.0040 
.006(J 
2 . 1832 
2 . 1880 
Thi� well wa::; drilled in 1885, and it has never been 
repaired. lt gives clear water when tqe flow is undis­
turbed. A k inch stream is left flowing night and day. 
If a larger stream is turned on, the well throws some sand. 
The pipes are thought to be worn out at a considerable 
depth. Tbe pipes are of common iron and extend to 
within 3:3 feet of the bottom of the well. The first string 
of casing is -1:} irn;hes, and the inner casing is 3f inches -in 
diamete1·. The outer casing extends downwards 800 feet 
and the inner one simµly laps by 40 feet. This is a faulty 
method of construction. The inner· casing should always 
go the whole length of the we11 and the bottom lengths 
should be µerforated. This prevents the great rush of 
water at the lower end of the pipe and a.voids the loose 
joint which �ooner or later gives out. This loose joint is a 
special source of weakness in wells where it is necessary 
to open and close them. Probably the water works down­
ward between the casings and soon co.ts out a cavity 
which may become large enough to allow the pipes to lop 
over sideways and become completely disconnected. This 
has occured in other wells and this may be the trouble in 
the Hitchcock well. When this well is thrown wide open 
45 
it will nearly clog with sand. Formerly the water was 
used to operate a flouring mill, but at present it is used to 
run a feed mill. It ha.s also been used for irrigation pur­
poses. This water gives the same sediment found in 
other second flow wells. 
The altitnde of the well is 1339 feet and its depth ig 
950 feet, making the bottom of the well about 386 feet 
above the level of the sea. The closed pressure is 155 to 
158 pounds per square inch and the flow is 1240 gallons 
per minute. 'fhe temperature of the water is 70.1 o F. *LOG OF' Bl'l.'CRCOCK CI'l'Y WELl,. 
No. KIND or> ROCK. Tbick- T I ness. ota . 
-·- -1- - - - - - - ---- - - ---- - · --l Soil and yellow clay . . . . . . . . . . . . . . .  . 2 Blue shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 3 Shales . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 4 Cap rock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 5 ti 7 Sand rock small flow . . . . . . . . . . . . . . . . . . . . .  . Sand rock and sandy shale. . . . . . . . . . •  Sand rock (flow) . . . . . . . . . . . . . . • . . . . . . . . .  · J 
*Vol. 4, U S. Sen. Ex. Doc. 1891-2. HITCHCOC.K CITY WELL. 
BASES ANU J\CIDS. 
1ro 350 47U 4 4 22 3 
Sulphuric anhydride, 503 . • . . • • • . . • • • . . • . . . . • • . . . . . . • • . .  Chlorine, Cl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . .  Lime, CaO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Magnesia, MgO . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . .  Ferric, oxide, Fe,03 . . . • • . . . • • • • • . • . • . • • • • • • • • • • • .  Silica, SiO• . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . Soda, Na 20 . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . · · · · 
Carbon dioxide, C02 • • . . • . . . • • . • . • • • . . . • . . . • • • . . • . • • . .  
JOO 450 \120 
924 
928 950 953 
Parts per rooo I .0479 .0967 .3737 .146:2 .0158 .0088 .3520 .o675 Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 2. 1086 Oxygen displaced by{chlorine . . . . . . . . . . . • . . . . . . . . . 0218 Total bases and acids . . .  . . . . . . . . . . . . . . . . . . . . . . . . . 2.  0868 Total,residur. by evaporation . . . . . . . . . . .. . . . . . . . . . . . . 2.0892 
Lithium, strong traces; potassium, traceR; ammoma, 
none. 
46 HITOHOOCX CITY- WEr,l,. 
I Part� 
SAi. TS. per 
--- ,� 
Sodium Chloride, l\aCl. . .  . . . .  . . . . . . . . . . . . . . . . . 1595 
Sodium Sulphate, �a,SO, . . . . . . . . . . . . . . . . . . . . . . . . . . . 6120 
l\l:igncsium Sulphate, .Mg�O • . . . . . . . . • . • . . .  , . . . .  · · · . .  · 
'
1 
.4384 
Calc!um sulphate, CaSO,. . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 091j9 Calcium carbonate, Ca CO 3 • • • . . . • . . • • . . • . • • • • • • • • • • • • • • . 1 534 Ferric oxi<le, Fe 10,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  0158 
Silica. SiO• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 
.oo88 
Total salts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.0868 
Total solid� by e"aporation . . . . . . . . . . . . . . . . . . . . . . . . 2. 0892 
FAULKTO:N CITY WELL. 
This well was drilled in l 890, and it h:1.s never been 
repaired. The flow was clea.1· until t,he fall of urn:1. when 
the well clogged entirely. It gradually resumed its fl.ow 
but the water has remained muddy. Tbe sediment fr.-1111 
the saruple anal.V7.ed consiste<i of fine sand, da�·. disinteg­
rated shale and some iron <.;Om pounds. 
This we11 was faulty i n  constrnctio11 . The tubing is 
in several pieces. Begiun.ing with ,t G-i1Jc;h tul,e at tht• 
top, a smaller tube was dropµorl down inside ,tnd the endi-­
were not fast�ned. Within tile s�cond a ::;till smaller tulw 
was pla<.;ecl and so on until the hoH• was 1·Nluc:ed to 1{ 
inches at the bottom of the well. The�e different pipes 
a.re all disconnoc·ted. lt is possible Lliat thoy may overlap 
in some places, hut it iH quite probable thnt somewhen• 
near the bottom of the wen they are <.mtirel.v dis,;011 1 1ected 
and that the water is now c.:uttiug the waLIR of the well. 
Ct is not thought safe to attempt any repairs. 
The altitude of the Atation at �'nnlkto11 is l:j:10 feet,. 
The sm·face at the well 1s a little higher. The depth of the 
well is doubtful. 129(1 feet were µaid for, but the well 
now measures but 1 o:��- It. is not known whether the 
well is filled up 264 feet or wl1etber the contractors gave 
'\ 
47 
fraudulent measurements. Some of the parties who 
drilled this well have since been arrested for making false 
measurements elsewhere. The flow of this well as deter­
mined by Col. Nettleton was 100 gallons per minute and 
the pressure has varied from 25 to 34 pounds to the square 
inch. The temperature of the water is 74.5 ° F. No log 
was obtainable. Captain H. A. Humphrey gave most of 
the informatiou. FAULKTON CITY WELL. Parts 
RASBS ANID ACIDS. per 
IOOO Sulphuric anhydride, so. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4443 Chlorine, Cl ..... . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . .  .4007 Li me, CaO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . 0264 M agn�sia! MgO . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • . . . . . 0341 Fernc,ox,de, Fe,O, . . . . . . . . . . .  . .  . . . . . . . . . . . . . . . . . . . . . . ,0198 Sil,cn, Si02 . . • .  . . • . • . . • • • . . . . . . • • . • • . • • . . • • • • . • . . • . • • . 0096 Soda, Na20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · 1 .9188 Carhon dioxide C02 . . • . . . • • • • . . . . . . . • • • . . . . • . • . . . . . • • •  _:_�� Total . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  2 .0701 
Oxygen displaced by chlorine . . . . . . . . . . . . . . . . . . . . . . .  . 0904 Total bases and acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 .  9797 Total solids by evaporation . . . . . . . . . . . . . . . . . 1 . 9794 
Lithium, trace; potassium, faint trace; ammonia, 
none. FAULK'rON CJ'I'Y WELL. 
SAL.TS. Sodium chloride, NaCl. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sodium sulphate, Na9SO!. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Sodium carbonate, Na2Cu,1 . . . . . • . • . . • • • . . . • . . • . . . . . • . • �agnesium cnrbonnte, MgCO� . . . . . . . . . . . . . . . . . . • . • . . . . Calcium carbonate, CaCO,. . . . . . . . . . . . . . . . . . . . . . . . . .  . Silica, Si02 . . . .  . . • • . . • • . . . • • • . . • . • . . . • • • . • • . . . . Ferric oxide, Fe�O, . . . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . .  Total salts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Total solids hy evaporation . . . . . . . . . . . . . . . . . . . . . . .  . 
Parts µer 
woo .6610 .7891 .3814 .0716 .0471 .0096 .0198 
I . 9796' I .  9794 
- - ----- - - - --'--- -
REDFIELD OITY WELL. 
This well was rlrilled in 1886. 1t has never been re­
paired and it has 1wver clogged. It throws a little sand 
when it is wide open but it soon clears itself. It  :.upplieR 
t,he city with water fol' all pul'poses alld it is ctlso used for 
irrigating h, wu::;. tl'ees a 11cl ga.rdeos. Lt givtis excellent 
satisfoctiou. The watt->r deposited no sediment. 
The outside casi 11g of -1-80 feet is 6f inches 1 1 1  <lianie­
ter; the inner caRing 501 feet long is 5 :3-Hi inchflH and lap!>. 
upon the outer casing 40 feet. 'T'bis pipf' is sea tPd in the 
cap rock. At thf' bottom of the well is 53 feet of 
4-!, inch pipe, the bottom of which is perforated. The alti­
tude of Redfield is 12!)5 feet and the welJ is 964 feet deep 
which leaves the bottom of the well about 331 feet above 
sea level. The closed pressm·<' i:-: l 71 pounds pP.r square 
inch an<l the flow is 1'260 gallons per n1inute. The tem­
perature of the watei· is 70.1 o F. Most of the data were 
furnished by }Ir .  E. B. King, water coronlissioner. Redfield. 
·:fLOH OF .KEIWJELD CITY \\'l,;LI,. 
Xo. KIND OF ROCK. Thick· Totnl. ne:s, . 
I Sand and clay . . . .  . . . . . . • . . . . . . . 140 
I 
!�O 
2 Shale . . . . . . . . . .  . .  . . . .  . . . . . .  . . . . . . . .  lilO 11)() 
a Sand rock, ,mall flow . . . . • . . . • . . . . . . . . • . . . I ;ill 
4 "hale and iron pyrite, . . . . . . . . . . . . . . . . 40 i!I I 
� 1:�t·a�"ct' ���k; i���· pyri��� c�p.' ·.·.·:.: : : : : : : Hi� I � [ : 
'i 1sand rock, �o  . . . . . .  ·_
· ·_·_· ·_
·_· ·_·
_
· ·_·
.,
__io
__.l
_u_6
_
�
_ 
*Vol. 4, U. S. Sen. Ex. I>oc. l 91-�. 
49 REDFIELD CITY WELL. 
RASES ANO ACIDS, Sulphuric anhydride, S03 . . . . . . • . • . • . • • • . • • • • • . •  Chlorine, Cl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Lime, CaO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Magnesia, M.gO . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . Ferric oxide, Fe203 . . . .  . .  . . .  . . .  . .  • . .  . .  . .  . .  . .  . .  . .  · Silica, Si02 • • • • . • . . • . . • . . . . . • . • . . . . • . . .  • • • · • • • • · • · · · · Soda, Na20 . . . . . . . . . . . . . . . . . . . . . . . . . . . · · · · · · · · · · · · · · · Carbon dioxide, C02 . . . •  . . . . • . • . • . . . . . . • . • . . • • . • • . . . . • .  
Parts per 1000 
.8841 . 1592 
. 0478 .0316 .CX)88 .0114 .854G .l931 Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.0906 Oxygen displaced by chlorine . . . . . . . . . . . . . . . . . . . . . . . . . .035!1 Total bases and acids . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . 2.0547 Total residue by evaporation . . . . . . . . . . . . . . . . . . . . . . . . .  2.0544 
Potassium and lithium, traces; free ammonia, parts 
per million, .06; alburninoid ammonia, none. REDFIJ,;Ln CI'l'Y WELL. 
SAL TS. 
Parts per 1000 Sodium chloride, NaCl, . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . 2626 Sodium sulphate, Na, SO, . . . . . . • . . . . . . . . . . . . . . . • . . . . . . .  1 . 5701 Sodium carbonate, Na2C03 . . . . . . . • • • . .  . . . . . • • . . .  . • . • .0499 Magnesium carbonate, MgC03• • • . . . . . . . . . . . . . • . . . • . .o664 <.:aicium carbonate, CaC03 • • • .  . • • • • • • • . . . . • . . • • • . . . . • . . .0854 Silica, SiO: . .  . .  . . .  . . .  . .  . .  . . .  . .  . . .  . . .  . . .  . .  . .  . .  . . .  .01I4 Ferric oxide, Fe203 . . . . . . . . . . . . . . . . . . . . . . .  . .  . . .  • . .  • .0088 Total salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . .  2 .0546 Total residue by evaporation . . . . . . . . . . . . . . . . . . . . . . . . 2 .0544 DOLAND CI'rY WELL. 
This well was bored in 1890. It was constructed for 
the purpose of furnishing the city supply. It has never 
clogged and it has never heen repaired. Once when 
nearly shut off, sand, etc., a,ccumulated but when the well 
was opened it soon cleared itself. It is a first flow well 
and the water is soft and is used for all domestic purposes. 
In this well a 6-iuch casing extends downward about 200 
50 
feet. Within this a 4t inch casing extends from the top 
of the well down to the hal'd cap rock which .is about 7 
feet thick. Then a 3-inch perfora.ted pipe 38 feet long ex­
tends down 13t feet into the water bearing roc.;k, and tu 
the bottom of the well. Mr. Joseph Labrie gave the infor­
mation. The water from this well was perfectly clear and 
gave no sediment upon standing. 
The altitude of Doland is 1335 feet and the well is 957 
feet, consequently the bottom of the well is 378 feet a.hove 
sea level. 11he flow is 600 gallons per minute and the 
closed�pressure is 112 pounds per square inch. The tem­
perature of the water is 69.05 ° F. It will be noticed that 
the following log gives a depth differing from that given 
by -Mr. Labrie, viz., 897 feet. 
NO. 
*LOG OF DOLAND CITY WELL. 
KlND OF ROCK. ness. 0 Thick-11 T tal. · -- - - -- 1 -- - - -Yellow clay . . . . .  . . . . . . . . . . .  1 2  12 
2 Black clay 30 . . . . .  . . . . . .  . . . . . . . . . . . .  . .  . .  . 30 42 3 Blue shale, hard. . .  . . . . . . . . . . . . . . . . . . . . . . . . . 33 I 7 5 
4 Blue shale, soft . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 275 65 Soapstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 I 325 Blue shale.. . . . . .  . . . . . . . . . . . . . . . . 135 460 7 Shale, sand and lime, smaH flow . . . . .  . . . . . . . . 90 550 8 Blue shale, lime streaks . . . . . . . . . . . . . . . . . . . 330 880 9 ISandstone, main flow. . . . . . . . . . . . . . . . . . . . . . . 1 5 895 10 Blue shale.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 897 •Vol. 4, Sen. Ex. Doc. 189 1 - 2. 
51 DOLAND CITY WELL. 
BASES AND ACIDS. Sulphuric anhydride, 803 . . . . • • • • • • • • • • • • • • . . • . • . • • . . •  Chlorine, Cl . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . • . . . . . •  Lime, CaO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Magnesia, MgO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Silica, Si02• • • .  . . . . . . . . . .  • • • • • · · • • • • • • · · · · · · · • • · • Ferric oxide, Fe»03 . . . . . . . . . . . . . . . . . . . . .  - • .  · · · . .  · - · • · Soda, Na20 . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . .  Carbon dioxide, C02 • • • . . . . . . . • . . . . . . . . . . • • . . . . • • • . . • •  
I Parts per 1000 .8497 .2105 .0129 .0244 .0104 .0070 .9641 . 1222 Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 .2012 Oxygen displaced by chloriue. . . .  . . . • . . . . . . . . . . . . . . . .0475 Total bases and acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. J 537 Total solids by evaporation.. . . . . . . . . . . . . . . . . . . . . . . 2. 1528 
Potassium, traces ; lithium, strong traces; ammonia, 
trace of free ammonia only. DOl,AN D CITY WELL. 
SAi.TS. Sodium chloride. Na Cl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Sod!um sulphate, Na2SO:!. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  Sodium carbonate, Na9CU8 • • • . . . . • • • • . • • . • • • . • • • • . . • • Magnesium carbonate, MgC03 . • . • . . • • . • . . . . • • • • • . . . . • .  Calcium carbonate, CaC03 • • . . . . . • . . . . . • . • . . • • • . . . . • • . •  Ferrric oxide, Fe203 . . • . . • • • • • . . . • • • • • . . . . • • •  , , • • •  • • · • Silica, SiO, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . • . .  
Parts per 1000. .3473 1 . 50!J] .2057 .0512 .0230 .0070 .0104 Total salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.1537 Total solids by evaporation. . . . . . . . . . . . . . . . . . . . . . . . .  2. 1528 NOR'l'HVIL1,E WELL. 
This well was constructed in 1893 for the purpose of 
furnishing power for a flouring mill. An outside casing 
R inches in diameter, extends down into the black shale of 
�o. -1. The inner 6-jnch casing extends from the top of 
the well to withiu 15 feet of the bottom. The last 57 feet 
of this pipe are perforated. The well has always thrown 
52 
clay and sand, large deposits of which have accumulated 
around the well. Pieces of sand stone and lignite are also 
ejected. The sample of water analyzed was somewhat 
turbid and upon standing the sediment arranged itself in 
four layers according to its degree of fineness. 'l'he sedi­
ment consisted of clay, flue sand, shale and bits of lignite. 
The usual deposit of red iron compounds found in RP.c:ond 
flow wells also separated out. 
Soon after the sample was taken, repairs were begun 
upon tbe well with the intention of inserting a 4-& inch 
pipe throughout the whole leogth, hut the 6 -inch pipe was 
found to be disconnected and the ,.,.,eJl is now clogged. 
This disconnected pipe accounts for the large amount of 
sediment ejected. Moreover it is probable that the sample 
of water analyzed is not a plU'e second flow water. The 
first flow was encountered at  67 5 feet, the second at 95 6 
feet and the total depth of the well is �80 feet. The alti­
tude of the station is l 2H9 feet and the bottom of the well 
is 319 feet above sea level. 'fhe closed pressure of the well 
is 156  pounds per square inch and the flow was 1900 gal­
lons per minute. The information was obtained from Mr. 
N. Underwood and State Engineer Fassett. 'rhe temper­
ature of the water is (i6.l o F. The following log appears 
m the state engineer's report for 1893 : 
No. 
LOG OF NORTH,. ILLE WEf.L. 
KIND OF ROCK. 
Thick- 1 
ness. Tota!. 
- - - - -- - - - --
1 Fine yellow sand . . . . . .  _ .  . . . . .. . . 45 45 
2 Blue clay. . . . . . . . . . .  . . • . . . . . . . . . . .  , . . . 25 I 70 3 Light gray shale . . . . . . . . . . . . . . . . . . . . . . . . . 
l 
:m 100 
4 Black shale . . . . . . . . . . .  _ . . . . . . . . . . . .  . . . . . . i5 175 
5 Gray shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175 350 
6 Blue shale, streaks of lime. . . . . . . . . . . . . . . . . 360 
I 
710 
7 Blue shale, tough and sticky . . . . . . . . . . 60 770 
8 Shale and sand shale alternately . . . . . . . . . 105 875 
9 Sand rock, quite hard . . . .  . . . . . . . . . • . . . . 14 889 
10 Layers of lime rock, sand rock and shale. IJ\.I \l58 
11 Sand rock, soft . . . .  . . . . . . . . . . . . . . . . . . . 22 980 
!18 
Strong vein of gas encountered in No. 4 at 135 feet. 
Nice little flow in No. 9. Small veins in No. 10. Main 
ttow from No. 11. 
Jl/\SF,S ANO ACIUS. Sulphuric anhydride, S03 . . . .  . . . . . . . • . . . . . . . . . . Chlorine, Cl . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . .  Lime, CaO . . . . . . . . .  . . . . .  . . .  . . . . .  . . . • .  , 
' Parts per 
1000 
Magnesia, MgO. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . F��ric ��idc, Fe,03, • • • • • . .  • • • •  • • • • • • • • • • • • • • • • • • • · • 
1 S1hca, StO., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
.491] .3877 .401$4 .1330 .0148 .0368 .4102 .2455 Soda, Na20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · . . .  · · · · · · · · · Carbon dioxide, C01 . . . . . . • . . . . . . . • • • . . . . . . . . . . • . . . . . Total . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Oxygen displaced by chlorine. . . . . . . . . . . . . . . . . . . .  . 2. 1250 .0875 Total bases and acids. . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . 2.0380 Total sohds by evaporation. . . . . . . . . . . . . . . . . . . . . . . 2. 0356 I - - -- - - -- -- -- - - -
Lithium, trace; potassium, faint trace; free ammonia, 
none; albuminoid ammonia, parts per million, .02. NOR'l'ffVILLE WJ<:LI.,. I Parts 
SALTS. per 
JOOO Sodium chloride, NaCl. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · I . 6396 Sodium sulphate, Na2SO� . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . 1620 Magnesium sulphate, MgsO • .  . . . . . . . . . . . . . . . . . .  . . . .  . . . . . 3988 Calcium sulphate, CaSO • .  . . . . .  . . . . . . . .  . . . .  . . . . • . . .  . . . . . . . 2280 Calcium carbonate, CaC03 • . . . . • . . • • • • . • • . • . . . . . . . . . . . • . 5580 Ferric oxide, Fe90$ . . . . . . . . .  . . . . . . . . . . • . .  . . . . . . . . . . . . .0148 Silica Si03 . . . . . . . .  . . . .  . . . .  . • . .  . . . • • • . . .  . • • • • . . . .0368 Total salts . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.0380 Total solids by evaporation. . . . . . . . . . . . . . . . . . . . . . . . . 2. 0356 
lPSWICl·l WEl�L. 
This well was drilled in 188:i for supplying the city 
water works. The diameter of the weII at the top is 4 
inches aud at the bottom it is ;{ inches. Although this 
G-� 
well is faulty in construction it gave 110 trouble until iu 
1891, at which time it choked so that the present flow is 
only one-tenth of what it formerly was. The well at that 
time began to throw mud so that the city pipes clogged. 
An attempt was made to repair the well but the tools 
stuck at 1000 feet. 1265 feet were paid for when the well 
was completed, but that depth is now questioned by some 
Ipswich men. Tbis well bas been flowing clear for about 
two years, furnishing water from the first fl.ow. It is now 
believed that the well was not cased for the last 200 to 250 
feet, excepting that a 1 6-feet piece of perforat�d pipe was 
simply dropped in. Where it finally rested is only con­
jecture. The foregoing information was furnished by 
Messrs. John L. Wells and G. J. Barker of Ipswich. 
The altitude of Ipswich station is 153 I feet, conse­
quently the present flow comes from a level 531 feet above 
the sea. No log was kept. 
The temperature of the water is 71.6 ° F. The closed 
pressure has varied fron:i 85 to 12 6 pounds per sqare inch. 
The present flow has not been determined. IPSWICH CITY WELL. BASES AND ACIDS. Sulphuric anhydride, S03 . . . . . . . . . . . . . . . . . . . . . . • . ... • . . •  Chlorine, Cl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Lime, CaO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . .  Magnesia, MgO . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . .  Ferric, oxide, Fe808 • • . • • • • • • • . • • . . . • . • . . • . • . . . • . • •  ��1��· J��t,:::. · ..... ·. ·. · . . _ ._ ._._ ._ ._ ·. · . .... ·.·. ·:. ·. ·:. · . .... . _._ : : : : : : : : : : Carbon;dioxide, C02 • • • . • • • • . . . • . • • • • • • • . . • • • . • • • • . . . .  
!'arts per 1000 .2858 .49oa 
.0134 
.0265 . 0090 .0050 
1 .0653 
.3333 Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.2286 Oxygen displaced by;chlorine . . . . . . . . . . . . . . . . . . . . . .1106 Total bases�and acids . . . .  . . . . .  . . . . . . . . . . . . .. . . . . . 2 . 1180 Total solids .. by evaporation . . . . . . . . . . . . . . . . . . . . . . . . . 2 .1162 
Lithium, trac.;es; potassium, trace; free ammoma, 
trace; album:inoid ammonia, none. 
.).J LP::<WICR W�;1,1,, Parts SAL.TS. per 
1000 Sodium cloride, NaCL . . . . . . . . . . . . . . . . . . . . . • . . . . .  , . . . . . . 8089 Sodium sulphate, N a1 SO• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5076 Sodium Carbonate, NayCOa . . . . . . . . . . . . . . . . . . . . . . . 7079 Magnesium carbonate, MgC08 . . . .  • • • • . . • • • • • • • • • • • • • • • • • 0557 Calcium carbonate, CaC03 . . . . . . . • • • • . . • • . • • . . • • . • . • • • •  .0239 Ferric oxide, Fe201 • . • . . . . • . • • • • • . • . • . • • • . • . . • • . . • . . . 0090 Silica, Si01. . . . . . . . . . . . . . . . . .  . . • . . . . . . . . • . . . . • . . . . . .0050 Total salts . . . . . . . . . . . . .  , . . . .  , . . . . . . . . . . . . . . . . . . . . . 2 .  1180 Total solids by evaporation . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 1 162 A BE:Hl)F.EN �1,:w j)l<:l!:P Ul'l'Y w�;J.I,. 
The -well was constructed in 18!1:! for the purpose of 
augrnoutiug tl1e city water sup!Jly. 'l'he type of construc­
tion he1=e employed is one of the very best and it com­
mends itself to all who are to sink artesian wells here­
.:bfter. 8-inch casing was first settled to a depth of 200 
feet, thus effectually shutting off all quicksand, etc., which 
has heretofore giveu much trouble in sinking tho casings. 
This casing extends nearly 100 feet into the upper layers 
of shale rock. From the bottom of this pipe the bore was 
contracted and a 6-inch pipe extends down from the top of 
the well to a distance of 10li5 feet. This pipe passes 
through the ti:·st flow which it shuts out effectually. The 
last 60 feet of this pipe were pe1·forated to aUow a srualler 
second flow to enter. This tlow, however, is not used at 
p1·esent. At this point the well was again contracted and 
1125 feet of -!! inch pipe were used, the last 60 feet of which 
were also perforated to take the main second flow. Then 
the 4! and the 6-inch pipes are hermetically closed at the 
top of the well. Consequently there are no loose joints 
and no place for the pipes to fall apart and allow the walls 
of the weil to be washed away to the detriment of both 
the well itself and the water furnished. Of cow-se the 
capacity of the well could have been increased by con-
:'j ( j  
tinuing the 6-irich pipe down 70 feet fm·ther with suitable 
perforations to take both lower flows. And again the last 
190 feet of drilling were unnecessary as no water was en­
countered within that distance. l'he method of inserting 
the casings in this well allows the inner pipe to be with­
drawn for repairs, a very commendable feature. The well 
has yielded dear water. It is 1300 feet deep with an ele­
\Tation of 1300, consequently the bottom of the well is e x ­
actly a.t sea level. The flow is 400 gallons per minute and 
the temperature of the water is 66.9 o F. 
Mr. 0. S. Cook, who kindly furnished the information, 
states that the pressure varies from 80 to 90 pounds to the 
square inch, but that it has not been accurately deter­
mined. He also thinks that the old first flow city well 
gives a somewhat greater pressure. lt is the general opin­
ion that, owing to the sinking of so many wells in the 
vicinity of Aberdeen, the pressure has diminished of late 
years. W. E. Swan states that the old R. R. well at Aber­
deen, the oldest in  the state, drilled i n  1881-2, had a press­
ure of 180 pounds. 0. H. Stillwell of Tyndall, gives the 
pressure of the same wen at 178 pounds. 'rhis new well 
has aroused much interest since the drill has here pene­
trated through the entire Dakota formation into the 
Archaeau. 
It was expected that the sample of water from this 
new deep well would be an undoubted second ti.ow water. 
But unfortunately for this purpose the city authorities have 
connected this well and the old first flow well to the same 
mains; consequently a free commingling of both flows 
is permitted. If it is true as stated that the old well has a 
somewhat greater pressure there is undoubtedly a steady 
current passing from the old well into the new when all 
outlets are closed. One would therefore, expect to draw · 
at any time a mixed eample of water; and the analysis 
confirms this expectation. The sample analyzed deposited 
!57 
a sediment of clay, lime, sand and iron compounds. The 
following log of the new deep well is from the report of 
the Engineer of Irrigation for 1893 : 
No. � 
3 4 5 6 i 8 !l 10 I I  12 l3  14  15  16 17 18 19 20 21 22 23 
IThick-
KINU 01" ROCK. Black loam . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Yellow clay .  . . . . . . . . . . . . . . . . . . . . . . . . 
���i�;:�ci ·.: ·. : . : ·. : . : : : : : ·. ·. · . .  : : : ·. ; . .... ·. ·. : : : : l>ark gray shale . . . . . . . . . . . . . . . . . . . . . . . . . . . Black shale. . . . . . . . . . . . . . . . . . . . . . . . . .  . Browu shale .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Gray shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Light gray shale. . . . . . . . . . . . . . . . . . . . . . . . .  . Dark gray shale . . . . . . . . . . . . .  . Light gray shale . . . . . . . . . . . . . . . . . . . .  . Light gray sand shale . . . . . . . . . . • . . . . . . . . . .  Sand rock, 380 gals. per min . . . . . . . . . . . . . . .  . Conglomemte . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . White sand rock, 300 gals. . . . . . . . . . . . . . . . Blue shale . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  . White sand rock, 400 gals . . . . . . . . . . . . . . . . .  . Conglomerate . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Blue shale. . . . . . . . . . . . . . . . . . . . . . . . . • . . . .  Pink and white shale. . . . . . . . . . .  , . . . . . . . .  . White sand rock, 110 water . . . . . . . . . . . . . . .  . Archaen formation or quartz . . . . . . . . . . . . . . • .  Granite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
ness. 
2 18 
12 58 95 
125 87 
23 180 100 100 120 
Hi 66 5 77 
23 35 
37 5 34 46 33 
Total. � 20 
32 
90 185 
310 397 . 420 600 700 800 
!-l20 935 995 1000 l l77 1 100 1135 ll72 
1177 
12ll 1257 
LZ{JO 
Mr. Stacy gives depth at 1300. 
ABERDEEN NEW DEEP crrY WELL. Parts 
BASES AND ACIDS. per 1000 Sulphuric anhydride, SO, . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . 9312 Chlorine, Cl . . . .  . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . 1443 Lime, CaO .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0492 Magnesia, MgO . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0386 Ferric oxide, Fe203 • • . .  • • • . . .  . • • • . .  . . • . . • • ..... • . .  • • • • . .0094 Silica, Si02 • . . .  . . . . . . • . • • • • • • . .  • • . . . . . . . . . . . .  ·. . .  . .  .0098 Soda, Na80 . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8652 Carbon dioxide, C02 • . . .  . . . . • • • . . . • . . • • . • • • • • . • . • . • • • . .0867 Total.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.1234 Oxygen displaced by chlorine . . . . . . . . . . . . . . . . . . . . . .0326 Total solids by evaporation . . . . . . . .. . . . . . . . . . . . . . .  2 .0896 Total bases and acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · 1· 2.0908 
.iH 
Potassium and lithium, strong traces; free ammonia, 
trace ; albuminoid ammonia, parts per million, .01. ARERDKE� .'.\'E'i'.' OEEP Cl'l'Y WELL . 
.SALTS. Sodium chloride, NaCl . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . �od!utn sulphate, Na1SO,._ . . . . . . . . . . . . • . . . . . . . . . . . . . . . . Sodium carbonate, Na1Cu3 . . . .  . . • . • . . . . • • . . . . . . • . . • .  Calcium carbonate, CaC01 . . . . . • • . . . . . . . . . . . . • . . . . • •  )1agnesium carbonate, MgC08 • • • • . . . . . . • • • • • • • • • . • • • •  Ferric oxide, Fe,03 • • • .  • • . . . . . . . • . • • . • • • • • • . . . . . • • . • • ; Silica, SiO, . .  . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . .  Total salts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Total solids hy evaporation . . . . . . . . . . . . . . . . . . . . . . .  . 
AJ..'<DOVEB WE.LL. 
.2381. 
1 . 6538 
.0108 
.0879 
.081 l 
.0094 
.0098 
2.0909 
2.0896 
This well was drilled for the use of the railroad in 
1882. l t  furnishes the city supply and no other water is 
used in Andover. The water foams in steam boilers when 
other snrface waters are mixed with it so the railroads can 
not use it. This property is due to the sodium carbonate 
carried by the water. This well has never clogged and 
the water always flows clear, depositing no sediment upon 
standing. It has 735 feet of 6-inch casing anrl 1050 feet of 
4t inch pipe within, extending from the top to within 20 
feet of the bottom of the well. Both pipes are joined at 
the top. The boring only penetrated the water bearing 
rock about :1 feet. Mr. W. E. Swan furnished the infor­
mation. 
'l'he altitude of Andover is 1475 feet and thti devLh of 
the well is 1070 feet, leaving the bottom of the well about 
405 feet above sea level. The pressure is 90 pounds per 
square inch and the flow is 300 gallous per minute. The 
temperature of the water is 71.6 o F. 
No. 
ll 
3 
4 
:i9 
·:<·1,oG OF AXDOV.JW WELL . 
KIND OF ROCK. Soil, sand and clay . . . . . . . . . • . . . . . . . . . . . . .  Blue clay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Blue shale . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . .  
5 Shale streaks limestone . . . . . . . . . . . . . . . . . . .  . Limestone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · 1 t> 1sandstone, main flow. . . . . . . . . . . . . . . . . . . .  . *Vol. 4, U. S. Sen. Ex. Doc. 189r-2. 
ANL>OVJ!:R WELL. 
BASKS ANU ACIDS. 
Thick· T t I ness. 0 a ·  
45 45 
30 75 
500 575 
4�5 llg�g 
5 1075 
Parts per 
1000 Sulphuric anhydride, S08 . . . . . • . . . . . . . . . . • . . . • . . . . • . • • Chlorine, Cl ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .9332 .2005 .0139 
.0214 .0088 
-0094 
Lime, CaO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Magnesia, MgO . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . .  Ferric oxide, Fe208 . . . • • • • • . . . . . . . • • • • • . .  Silica, SiO, . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Soda, Na20 . . . . . . . . . . . . . . . . . . . . . .  • • - . · · · · · · · · · · · · · · Carbon dioxide C02 . . . • • . • . . • • • • • • • • • . • • . . . . Total . . . . . . . . . . . . . . . . . . . . .  . Oxygen displaced by chlorine . .  . 
1 .0445 .13jl 2.3688 
.0453 Total bases and acids. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 3235 Total solids by evaporation. . . . . . . . . . . . . . . . . . 2. 3232 
Lithium, traces; potassium, trace; free ammonia, 
trace; albuminoid ammonia, parts per miJlion, 01. ANDOVER WELL. 
SAi.TS. 
Parts per 1000 Sodium cloride, NaCl. . . . . . . . . . . . . • • . . . . . . . . . . . • . . . . . . .  , .33o8 Sodium sulphate, Na1SO• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 .6573 Sodium carbonate, Na�C08 . . . .  • • • • . . • . • • • . . . . • . . . . . . • . . 2476 Calcium carbonate, CaC03 • • . . . . . . . . . • . . . . . . . • • . . . . . • . . .0248 Magnesium·carbonate, MgC08 • • . . . • • • • • • • • . • • . • • • • • • . • .  . 0449 Silica, SiO 8 • • . • • • • . • • • • . • • . . . • • • • • • • • • . • . . . . . • • . . • • . • 0094 Ferric oxide, Fe103 • • . • . . . • . . • . • . • • . . . . . . . . . . • . . .  . . . . .0088 Tota.I salts . . . . .  ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 .3236 Total solids by evaporation. . . . . . . . . . . . . . . . . . . . . . . . . 2.3232 
60 
Wll:S'I'POl:t'l' WELL. 
'l'his well was constructed in 18H� for irrigation pur­
poses. The well is cased with 6-inch pipe which extends 
to within ;{0 feet of the bottom. It has thrown sand and 
mud ever since it was completed. It nearly clogged before 
it was cleaned. It was cleaned in July, 1893. For six 
weeks previous to the taking of the sample analyzed the 
water had been coming tolerably clear with a flow of 
about one- fourth of the original flow. The sediment in 
the sample analyzed consisted of clay, fine sand, disinteg­
rated shale, and some iron compounds. The water comes 
from the first flow. When the well was at its best the 
pressure was 40 pounds to the square inch but it bas now 
declined to 35 pounds. 
'I'he well is situated about five miles west of West­
port. The flow has not been measured, but it filled the 
six acre reservoir 0onstructed for irrigation purposes 5 feet 
deep in thirty days. Mr. H. Barnard, foreman of the farm, 
furnished the information. The temperature of the water 
is 66.2 o F. 'fhe altitude of Westport Station is 1313 feet 
and the depth of the well is 10:30 feet. Therefore the bot ­
tom of the well is about 300 feet above sea level. 
At this writing (October, 1894) Mr. Fassett informs me 
that the well is entirely clogged. This well should be 
deepened to second flow and cased to the bottom with a 
perforated pipe where the second flow enters. 'l"liere Le; 
too much sodium chloride, sulphate and carbonate in this 
water for long and continued use with safety. 
No log of the well was obtainable. 
I 
61 WES'l'PORT WELL. 
llASES AND ACIDS, Sulphuric anhydride, 503 . . • • • • • . . . . .  : . . . .  Chlorine, Cl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . .  Lime, CaO. . . . . . . . . . . . . . . . . . . • . . . . .  : . . . . . . . . . . . . . . .  . Magnesia, MgO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . f'erric oxide, Fc20,, . . . . . . . . . . . . . . . . . . . .  , . · · . . .  , ,  · · · · Silica, Si02 . . . .  • • • • . • . • • . • • • • . . • • • • . . . . . • . . . • • • . . • .  Soda, Na20.. . .  . .  . .  . . . . . . . . . . . . . .  . Carbon dioxide. CO, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Parts I per , �  .2352 .!HU .c,112 .0184 .0118 .0114 l .3004 .2561 Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 7556 Oxygen displ aced by chlorine . . . . . . . .  , . . . . . . . . . . . . . . . 2055 Total bases and acids. . . . . . . . . . . . . . . . . . . . . . . . . . 2. 550 I Total solids by evaporatton. . . . . . . . . . . . . . . . . . . . . . . . 2. 5540 
Potassium and lithium, faint trace; free ammonia, 
trace; albuminoid ammonia, none. WKRTPORT w�:l,l .. 
SAl..'l'S. per 1000 I Parts Sodium chlo-r-id_e_, _N_a_C_l._.-.-. .  -.-.-. -. .  -.-.-. .  -.-.-. - - --. .  . -. .  -. I l .503! Sodmm sulphatt:, Na,SO,. . . .  . .  . . .  . .  . . . .  . .  . .  . .  . .  . .  . .417, Sodium carbonate, Na2C03.. . . • . . • • . . . . . .  • . • . • . . . . . . . . • . 5475 Magnesium carbonate, MgCO,, . . . .  . . . . . . . . . . .  . .0381i Calcium carbonate, CaC03 • . • . . . .  '. . . . . . . . . . . . . .  . . . • • . . . .0�00 Ferric oxide. Fe20,. . . .  . . . . . . . . . . . . . . . . .Oll8 Silica, SiO• . . . . .  . . . . . . . . . .  . .  . . . . .  . .  . . .  . .0114 Total salts. . . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . • . . . .  . .  . .  . .  . .  . 2. 5501 Total solids by evaporation . . . . . . . . . . . . . . .  , . . . . .  , . . 2.5540 
SA1Jrs SoLUEU� AND lNsOL URLJ<: AF�rEH Ev.uoRA'l.'ION.­
To the irrigator it is of the utmost importance whether the 
salts a water contains are soluble or insoluble after the 
water which carries them has evaporated. Salts that be­
c;ome insoluble become a fixed and valuable· part of the 
soil. To this class belong all the calcinm salts, silica, iron 
compounds and magnesium carbonate. Those which 
again dissolve when brought in contact with water a1·e all 
62 
of the sodium salts and magnesium sulphate. Potassium 
salts belong to the same class These salts often become 
a nuisance owing to their excessive acu1mulation in and 
at the surface of the soil and so as a class are undesirable, 
especially when in large quantities i11 a water intended for 
irrigation purposes. 
In the analyses of the second flow wells it will be 
noticed that all of the magnesia is returned as magnesium 
sulphate while some of the lime is returned as the carbon­
ate. It is difficult always to determine in just what way 
bases and acids are combined in a natural water, especially 
when the water under question is charged with carbonic 
acid gas and in addition to this also carries a large num­
ber of salts. But it is safe to say that at some point in the 
concentration of the water as it evaporates and parts ·with 
its carbonic acid gas, a reaction will take place between 
the calcium carbonate and a portion of the magnesium 
sulphate whereby magnesium carbonate and calcium sul­
phate will b� formed. Both of these compounds are insol­
uble after evaporation. Strictly speaking it would be bet­
ter to say of all the so called insoluble substances, that 
they are very 1;pct1·ingly soluble in water, since water does 
dissolve minute quantities o.f substances which are seem­
ingly perfectly insoluble. 
In the following table the soluble and insoluble salts 
are returned according to· the analyses. Consequently in 
· the soluble salts magnesium sulphate is included. But if 
allowance be made for the reaction just mentioned the sol­
uble salts woL1ld he reduced by the magnesium sulphate 
changed ove1· to carbonate while the insoluble salts 
would be increased by a like amount. But there is 
another feature of our subsoils that should be taken into 
account at this point and that is this: over a large area of 
the bt,ate there is at depths of from one to three feet a thick 
layer of calcareous 01· marly clay v,-rhich would for a long 
1 • 
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time continue the conversion of the magnesium sulphate 
into carbonate. In this way the whole of that sulphate 
· might be transferred to the insoluble column, while the 
soluble salts would be to a like extent reduced. 
" 
• 
" 0 ·� 
:a .. .. 5 
k 0. 
(') .. 0. ,,. .. >" .. 
;,J � 
i .t: :i .. 
� � Q rn "' 3 
i 3 ] � r}j ..:; ------ -- -- - -- - - - - - - - - --
Yankton. . . .  1.602::! 
Tyndall. . . .  . . . .  . .  . . . . . . . .  . . .  . . .  . . . .  . . . . .  1.9002 
.\rmou,· . . . .. . . . . . . . . . . . . . . . . . . . . . . . , . .  . . . . . 2.1392 
Chamberlain.. . . .  . . .. . .  2.0&,0 
Kimball. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .  . 2.112:3 
Woonsocket. . . .  . .  . . .  . .  . .  . . . .  . . . . . .. . . .  . .  . . 2.(1088 
Pierre. .  . .  . .  . .  . .  . .  . . . .  . .  . . . .  . .  . . .  . . .  3.4760 
Harrold . I. 7379 
Miller. . . . .  . .  . . .  . .  . . . . .  . . • .  . . . . . . .  . .  . . . . .  . .  2.0323 
Ruron. . .  . .  .. .. . .  . . . .  .. . .  .. .. .. .. .. . .  . .  . . . .  2.0:l:14 
Iroquois. . . . . . . .  . .  . . .  . . . .  . .  2. 1831 
Hitchcock . . . .  . .  . .  . .  . .  .. . .  . . . .  . .. . . .  2.0868 
F:mlkto  . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .  1.97!J6 
Redfield . . .  . . . . . . . .  . .. . . .  .. 2.0M6 
D..,h,od . . . . .. .. . . . . . .. . . . . . . . . . . . . . .. . . . . .. . . .  ' 2.15:37 
Northville. . .  . .  . .  . .  . .  .. .. .. . .. . .  . .  .. . .  . .  . .  . .  . .  2.0080 
Ipswich. .. .. . . . .  .. .. . .  . .. .. .. .. .. .. . .  . 2.1180 
.\berdee11. .. . .  . .  . .  . .  . . .  . .  . .. . .  . . . .  . . .  . .  . .  . .. . 2.090!• 
. \ndover. .. . . . . . . .. . . . . . . .. . . . . . . . . . . . . .. . .  .. . .. 2.3236 
We�tpo,·t .. .  .. .. . . . . . . . .. 2.55()1 
.597;) 
. 7476 
.9076 
l.Ol.53 
.l:1733 
l .27i0 
3.!ti03 
l.6396 
1.6!23 
l.2390 
2.118:1 
1.2009 
l 8315 
1.8826 
2.0621 
1.2004 
2.0244 
1. 90'2:l 
2.2357 
2.468:l 
1.0IJ.18 1.2426 
1.2316 
1.0697 
1 .2390 
7318 
.()\)97 
.0983 
.� 
.7944 
·Q!i48 .h,6l) 
.1481 
.1720 
.0916 
.8376 
.0936 
.1882 
.0879 
.0818 
A1:t1'ESrAK "\V ATER,; No'I' UN1Fon�1 .  -By an inspection of 
the following table it will be seen at a glance that the 
waters of the different wells are not uniform either with 
respect to the kinds of salts they carry or as to the 
amounts of the salLs w lticb are common. In order to 
bring this fact out more conspicuously the same method 
of combining the bases and acids has been adhered to in 
every case. 
As to the first kind of variation it will appear tha.t all 
of the second flow wells have no :::odium carbonate while 
all the first flow wells either have this salt or they have 
in its place sodium sulphate which may h,we been pro­
duced by bringing the sodium carbonate in c;ontact with 
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gypsum. Moreover, in the case of the Pierre well the ab­
sence of all sulphates is a strange anomaly. This is diffi­
cult to account for unless, indeed, the waters in that 
vicinity have come into thorough contact with some 
barium or strontium compounds. Of such contact the 
water itself gives no evidence. 
As to the second kind of variation the total disagree­
ment of all the figures affords striking illustrations. But 
one variation deserves more than a passing notice, and 
that is the compartively large amounts of calcium and 
magnesium salts in the second' flow waters as compared 
with the quantities found in the first flow waters; while 
on the other hand the preponderance of sodium salts in 
the first flow waters as compared with the second is  most 
conspicuous. This variation is of such vital importance 
that it will be a potent factor in determining to what uses 
the different flows shall be put. For example the second 
flow waters are better adapted for irrigation while the 
first flow are more suitable for town and domestic uses. 
The first flow yields nearly soft water, better adapted for 
washing, etc., while the second flow wells furnish a hard 
water that can scarcely be used without cleansing. 
The reason for the differences between the two flows 
is easy to find. The cause lies in the different strata from 
which these waters arf\ derived. 'rhe first str.atum of 
rock is more strongly charged with sodium compounds 
while the deeper lying second flow skatum carries more 
gypsum and magnesium compounds and less sodium. 
Now the \>\7aters of these two flows may have a common 
origin, and may be similarly charged at first, but during 
their passage through their different conducting strata 
each flow dissolves out the soluble constituents of the 
rocks with which it comes in contact. 
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PRU,OIPAL SALTS (PARTS PER 1000.) 
Yankton. . . . .. . . . . . . . .  . . . . . .. .1&13 1172 . . . . .. .  3100 . . . . .. . 700 .12.W 
Tynrlall. . . .  . . . . .  . . . .  . . . .  . . .  . 2t:l8 .1002 ..... .  .4036 . . . . .. l.1lf9 .000., 
.'.rmour. . .. .. . . . . ... . . .  . . . .  . .  .2819 .1186 .. . . . . . Wll . . . . .. l.00:lU .1�t 
Chamberlain.. .. . . . .  . • •  . . . . . .1� .:lt\18 . . • . .. .47:J:i . . . . .. .8.'l'.!O .1�73 
Kimball. . . . . . . . . .. . . .. . . . . . .. . lill,8 .2211 . . . . . .  . 18� . . . . .. 1 .11r,02 .1636 
WoonRockot . .  . .  . . .  . .  . . . . . .  . .  .lllle .7041 . .  . . . . 3701 .. .. .. .!\:i6• .1630 
Pi,·rro. . . .  . . . . .. . . .. . . . .. . . . .  .. 2.S0?\2 . . . .  .. .5711 . .  .• . .OOGO • • • •  .• .077.t 
Hanold .. . . . . . .  . •  . . . • • •  . . . . .. .8029 .4550 .3817 . .  .. . . .0575 . . . . . .Ot.86 
Millrr .. .. . . . .  . . • •  . .  . . • •  . .  .. .. .JflOI t.2263 .... .. 26.'ii . . . . . • . 1683 .212.5 
Buron . . .. . . .  . . .  . . . . . . . . .  .... .�6 .6()8:< •••. •• .4261 .... .. .0020 .lMl 
Iroquois. . . . . . .. . . . . . . . . . .. . .  .259> J.6U3 2432 . . . .  .. .005-3 . . . •  . .  .0195 
Hitchcock . . . . .  . . • . . . . . . .  . .  . 1�9.
1
.6100 .. .. . .  .438,I . .  ·· ·· .OOS9 . Ir& 
Faulkton . . . .  . . . . •  . . . . . .  . . .  .6610 .7P.91 .3814 . . . . . . CYi1 6  . . . . . . . on1 
Redfirld .. . . . . . . . •  . . . . . . . . . . . . .t626 1.5701 .0499 . . . . . .0664 . . . . .. .ORM 
Ool:,nd.. . . .. . . . . . . . . . . . .:34 7:l 1 .a09l .20:.7 . . .. . . .0512 . . . . . .0230 
:-Jorthvillo.. . . .. . . . . . .  . . . . . . . .  .6300 .1620 .. .. .. .39&'! . . • .  . .  .2280 .5580 
Tpswic
. 
h . . . . . . . . . . . . . . . . . . .  · · I .� .;i()i6 .7079 . . . . . . •. 00:17 . . . . .  ·.
�,9 .\berdo, a . . . . . . . . . . . . .  . . . . . .  . .  .2:t'>l l.6.�38 .0108 .•. .  . .  .0811 . . .  . . ""' 
.'.ndover. . . . .  .. .. . . . . . . . . . . . . . :l3(� l .657:i .;1.176 . . .. .. .OU9 . . . . . . .O'.US 
w .. �•port. . .. .. . . 1 .;oo1 .4177 .:1475 . . . . . .0386 . . . . .. .0200 
SOURCE OF THE AR'rESIAN w ATERs.-It frequently occurs 
that waters caITy internal evidence that betrays their ori­
gin. It was hoped that the analysis made i n  this investi­
gation might tend to throw some light upon the origin of 
the waters underlying the great Dakota basin. Whether 
any progress in that direction could be made or not, would 
naturally enough, depend much upon the rocks conveying 
the waters from their source to the points where they are 
<lelivered. If the rocks contain but little or no soluble 
substances, the problem would not be difficult to deter­
mine. 1f on the other hand the rocks through which the 
waters pass are charged with the same substances which 
the water carries before enterjng them, the problem would 
present greater difficulties. But even in the latter case 
the waters themselves might furnish evidences which 
would determine pt"etty accu1·ately the direction which the 
underground current or  movement assumes. 
The following table of the principal bases and acids is 
given to make clear the statements which follow. In this 
table the second flow wells are printed in italics. 
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PHrNCTPAL HMiE,'\ AND ,\i,;IDS (PARTI< P��lt 1000.) 
'?. 
q "' 
:,,: 5 
c .. "' E 
,JI � ----
Yankto1t . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 13$1 .4.� 
�!��:: : : . : : : · . : : : : : : : : · : · ::.·:: : : : : · ·  :�� :��: Chamberlafa . . . .. . . . . .. . . . . . . . . . . . . • . :?r>36 .t:;.',t Kim./J(t/1. . . . .. . . .. . . . . . .  . •  . . . . . . . . . . . . . . ll-01
, 
.,>Zi7 
Woornror·1'et. .  • .  . .  . .  • .  . .  . .  . . •  . . . .  . .  . . . • . IOiO .:ll.1.0 Pierre . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .  I ./i2�fi .Ol:12 
Harrold . . . . . . . . .  . . . . . . . . . . • • . . . . .!Hilt .Olf,0 
)lille,· . . . . . . . . . . . . . . . . . . . . .  ,. . .  . .. . ... .HIM .l'iS.'l 
Rm·o11 . . .  . . . . . .  . . . .  . .. . .. .:lil3 .:l3l9 
lroquoi�. . . . . . . .  .. . . .. . .. . . .  . . . .. .. . . . .!l-00 .0100 
Hit,;/1.eod· .. . . . . . .  .. • . . .  . . . . .  .. . .  .. .. . • .:i:,20 .3i:17 
Faulkton . . . . . . . . . . . . . . . . . .  ,. . . . . . . . . .. .01&� .0261 
}{eJfield. . . . . . . .  . . . . . . .  . . . . . .  . . . .  . . . .  • -l>"> IQ .Oli8 
Doland.. . . .  . . . . . . . . . .. . . . . . . .. . . . . . . . Olill .012'J 
Northvltlc . .  .. . . . .  . . . .  . . . . . .. . . . . . . . . .. 4 I02 .406-1 
Ipswich, . . . . . ... . . . . . . .. . . . .. . .. . . . . .. l.(ki'.")3 .01:tt Aberdeen.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . ·.:,2 .049'! 
Andover . . . . . . . ..... ... ... .. . . . . . . .  I (].II'., .0139 
Westoort. . . . . ... . ... . . . . . . . . t . :llJI .0112 
0 .,. x ;a 0 ·- ft :;c5 '"C -.. :u-; <> ·:;: c:..,,, i] " ., _g ., ·c: §. .2 '"'"" 
� ct
·• ':l o  ..::: 
C) :ii (.., - - - - -
. IO.'i4 .OMS • i!'60 ()()91; 
1:!16 .t<l9i, .�2 . 1m, 
.1671 .06.."I J .(tl14 • Iii:) 
.1:,;o .0092 1.UHO .1091 
. 1612 .Oi20 1 .0G!JS . Hr&l 
. 12:�i 07Li J .00111! .OUl<I 
.(11)2-1 .2i:lt t raco l.70CH 
.0271 .:::010 .2:,112 .�7 
.ON,6 .09:J.'> .001,'7 .OOIO 
.IJ21 .1'63J .!RNi . 1210 
.016, . 12l-O .w.r, . 1:;;:, 
. ust .oo;:; 1.orrn .0<.J6i 
.o:m .216t .-141:1 .100; 
.ttltO .O<J: lt .8841 l.�92 
.,r�.14 . 1222 .f<J9'7 . 210:, 
1:l30 .2-1:\:\ .4911  .:ll!77 
O'�tl!I .:tl:33 .21'-'>S .4903 .o:w;I .o&.'>7 .ro:J12 • w:1 
1r!u .1371 .�12 .2m:, 
.01,1 .2:161 .:!:m .11111 
Let us consider the second flow wells only. Now it is 
evident that if the rocks carrying this flow, contain certain 
soluble salts which uuder no circumstances form insol­
uble combinations, we should find an increase in such 
salts as we follow down the underground current. Again, 
if we had a water carrying a certain substance not found 
in that stratum and one that enters into no insoluble 
combination, we might expect to find that substance tol­
erably uniform throughout the whole length of tho 
stream. 
Of the basef:l given in the table it is evident that lime 
and magnesia would not serve as indicators of origin or di­
eection. They are liable \o enter into insoluble forms 
that may he precipitated in such a slow mo,·ing current as 
that of the underflow. But in sodium we have a base 
that makes no insoluble compounds under a.uy conclitions 
likely to arise in these underground waters. 
The preponderance of physical and geological evi­
dence points to the out crops of the Dakota sandstone, 
lying along the foothills of the Rocky mountairn; to the 
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uorth and west of the Dakota basin, and to ·outcroppings 
of the same sandstone around the Black Hills, as the 
points of entrance of the waters in question. It is believed 
that the waters of the melting snows and of the rainfall 
of large areas lying above these outcrops furnish the great 
artesian supply. If now a line be drawn .from Aberdeen 
to Yankton we shall have a line running a little east of 
south, or if we broadly take into consideration Chamber­
lain, Kimball, Armour and '.L'yndall, we practically have a 
line running nearly south. Now, if the second flow 
stratum contains small quantities of soda we should find 
a gradual increase in that base in coming from Aberdeen 
south, provided the ground movement is in that direction. 
If the stratum carries no sodium we should find practically 
the same amount of soda in all of these wells. 
Now, if we take the wells in order, Aberdeen, North­
ville, Hitchcock, Huron, Woonsocket, Kimball, Chamber­
lain, Armour, Tyndall and Yankton, we find that they 
carry in milligrams per litre of soda, respectively, 855, 410, 
352, 37 4, 407, 186, 253, 204, 173 and 138. At first glance 
these figures would seem to indicate that the stratum car­
ries a little soda and that the movement is from south to 
north. But this we know is an absurdity. A short distance 
southeast of Yankton the Dakota sandstone crops out bear­
ing springs comipg probably from the second artesian flow. 
And again we know that with a low pressure at Yankton 
it would be impossible for water entering at the south to 
raise water to the level of Huron, much less to cause the 
enormous pressure at the latter place. Consequently some 
other explanation must be sought. Now as previously 
stated, the Aberdeen water is undoubtedly contaminated 
by first flow waters that carry as a rule much soda. The 
Northville well is suffering the same contamination on ac­
count of leaky pipes but to a slighter extent, while the 
Hitchcock well is leaking still less, and Woonsocket is at 
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best doubtfully a pure second flow. If suitabie allowance 
be ma.de for these factors it will not be unreasonable to 
deduce the conclusion that the second fl.ow stratum carries 
little or no soda and that the flow cannot be from north to 
south along the line of the James river. Only one other 
hypothesis is available so far as direction is concerned and 
that· is, that the waters must come from a westerly direc­
tion. If we consider the Kimball, Armour and Tyndall 
wells we find the soda to be practically the same, viz: 186, 
204 and 173 milligrams per liter. These wells lie in a direc­
tion north of west from Tyndall. But it is probable that 
the direction of the flow is still less north of west since 
Yankton has still less soda than any of the three. 
4-gain the hypothesis may not prove untenable that 
the second fl.ow stratum may have a gradually increasing 
amo�mt of soda from Yankton north. If the waters come 
from a westerly direction this would agree perfectly with 
that supposition. Of course it might be possible that the 
waters enter this stratum comparatively free from soda and 
that they receive all their soda at some point west or north 
of the region covered by these analyses, and that the stra­
tum so far as explored contains practically none. But still 
that fact, if proven, could not by any means indicate that 
the underground movement follows the James river valley. 
It is probable that the first flow stratul'!-1 is more irreg­
ular in its composition than the lower second. Indeed the 
rule seems to be that the upper strata contain more soluble 
salts than the lower. But still if we leave out the anoma­
lous waters of Pierre, we find in a west to east section from 
Harrold to Iroquois, milligrams of soda per litre as follows: 
Harrold, 848; �ler, 61:'i; Iroquoic;;, 98n. Going still farther 
north we find at Ipswich, 1065, and at Andover, on the 
eastern border, 1044. These at least point to no move­
ment from north to south. 
But there is an acid radicle that may throw some fur-
f\9 
ther light upou this subject. 1 refer to chlorine. While 
carbonic and sulphuric acids might easily be thrown out 
of solution, there is probably no base in the Dakota forma­
tion that would in the least have this effect upon the chlo­
rine. Now taking the second flow wells in the order pre­
viously mentioned, we have for chlorine the uumbers (be­
ginning at Aberdeen,) H1, 378, 96, 124, 68, 102, 109, 171, 
147 and 99. In these numbers we find a still further con­
tirmation of the probability that the waters come from a 
westerly direction, and surely not from a northerly one. 
Ttis true that these numbers do not show an exact agreement 
nor should it be expected over so great a distance. But 
the contamination of the northern wells from the first flow 
does not exert a very prominent influence in the case of 
chlorine. It will be noticed that several of the first flow 
wells contain chlorine not varying much from these figures. 
This latter fact ·would go to show, in the light of what has 
already been said, that the waters of both tlows have a 
common origin and that the first flow stratum is quite 
irregular in its composition. Moreover the presence of 
Lithium, a rare element, which occms in waters of both 
flows, also points to a commou origin. The "great springs" 
above Great Falls in Montana, whose waters have a tem­
perature of 51.5 ° F. also carry lithium. In this connec­
tion it might be welJ to recall a fact concerning tbe 
temperatures of these artesian waters. Mr. Hopkins 
determined the temperatures of all the wells analyzed and 
so the data are comparable with more certainty than 
most of the physical data of the wells examined. It will 
be noticed that the deeper or second flow waters as a rule 
have a lower temperature than the first flow waters. 
Here is another fact involving all\ apparent contradiction. 
The usual rule is, the de€1per the water the higher its tem­
perature, after the line of no variation from surface in­
fluences is passed. 'l'hese wells are all certainly below 
l 
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climatic influences. To what is this anomaly due? To 
me it seems there is but one explanation, and that is, the 
first flow waters are more affected by heat involved in 
chemical changes in the water itself. Some of these 
changes have been previously mentioned, such as re­
actions between magnesium sulphate and calcium car­
bonate or between sodium caTbonate and calcium sulphate. 
The waters at Pierre show evidences of changes even 
greater than these with a correspondingly high tempera­
ture. It is not impossible that with tbe carbonic acid and 
ammonia present in these w aters, a portion of the sodium 
chloride present may have been changed to sodium 
carbonate. 
Now, it must be distinctly understood that the state­
ments made apply to the region covered by the wells 
analyzed. More work is necessary to confirm or disprove 
the conclusions reached even in this section. Waters 
should be collected in the regions where the Dakota out­
crops occur and they should be subject to analysis. 
The data thus obtained would certainly do much more 
towards throwing some light upon the origin of the 
artesian w aters of the Dakota basin. If the source can 
be determined, computations can then be made with more 
certainty concerning the supply at the disposal of con­
sumers residing in the artesian belt. 
Again it is believed by many that the first flow 
pinches out or at least comes very near the surface in the 
southern part of the State where many shallow artesian 
wells are to be had. These waters should be analyzed. 
Again there are shallow artesian wells :in the northeastern 
a.nd i:;ontheastern pa.rt of thP- 8ta.te and snpposa.hly out­
side the artesian belt altogether. 'I'hese await investiga­
tion. 
Al'tTESIAN WATERS FOR !RRIGATION.--The question is 
frequently asked, "Will the artesian waters of the Dakota 
1 
-I 
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basin be injurious to the soil and to vegetation?" Di:ff er­
ent replies have been made. Some have thought that the 
waters carry too much mineral matter for safe applica­
tion to crops and to soils. Upham (Am. Geologist, Oct. 
1894) states that the saline residue after continued use of 
the waters would certainly prove injurious to crops so 
that the soil would l.,t:,come worthless. He bases his opin­
ion on a single analysis, that of the well at Jamestown, 
N. D., aud upon the fact that much purer waters have 
proven disastrous in India. 'l'bis positive opinion is cer­
tainly based upon meagre data and partially upon a mis­
conceptic,n of facts in relation to the conditions in India. 
In the first place the well at Jamestown carries, out of a 
total residue in parts per 1000 of 2.2226, 1.7442 parts of 
salts soluble after evaporation. �ow, this is a higher 
proportion of soluble salts than any of the second flow 
wells carry. In fact it more nearly <:orresponds with such 
first flow wells as Faulkton, Miller and Redfield. Again, 
he attributes the accumulatiou of salts on the surface of 
the soil of India to the evaporation of the irrigation 
water which bas left its salts behind. 'rbe truth of the 
matter is the soil and sub-soil of India already contain 
large quantities of alkali which are brought up by the ap­
plication of water. It matters not what the water might 
he under �imilar circumstances, even if it were distilled 
water, the rise of the alkali would follow, owing to 
upward leaching and surface evaporation. 
But there are still other differences which exist be­
tween the arid plains of India and the sub-humid plains 
of South Dakota. In the first place Dakota soils are not 
already loa.ded with soluble salts. It is true that some 
few low lying gumbo patches do exist in some parts 
which are poorly drained. But these spots are of such 
limited extent, often but a few rods across, that they may 
be neglected. In the second place the rainfall of South 
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Dakota is greater and more evenly distributed as is 
always the case in sub-humid regions, and consequently 
there is less water needed for irrigation purposes. In the 
third p]ace the natural drainage is far superior to that of 
India or of any of the countries where alkaJj has become 
troublesome. Tndeed the country is altogethel' too well 
drained, so much so that the storm waters fiud a tuu 
rapid and too easy exit from the borders of the State. 
'fhose who have given the subject the most thought are 
now seriously advocating tbe damming up of all runs, 
draws, sloughs, lake beds and creeks for the conservation 
of the natural storm waters. In the fourth place the sub­
soils of this State are porous and admit of the easy pas­
sage of storm waters to underground levels OI' reservoit1, 
whence they gradually find their exjt hy seepage into 
runs, crei,kS and rivers. Moreover the open and loamy 
soils of this region would be less affected by saline 
residue than the stiffer clays of India. 
In view of all these facts it is not permissible to draw 
inferences from conditions entirely dissimilar. tu short, 
the conditions prevailing in South Dakota, are such that 
all problems relating to artesian irrigation must be decided 
upon b.y taking into account factors immediately con­
cerned and factors that are uniquA to this region. 
It is undoubtedly true tha.t the artesian waters of thf' 
Dakota hasin do carry lat'ge quantities of soluhle corn:,tit­
uents. The residues from. these ·waters are larger than 
those of most "vaters used for irrig ':l.tion; but, when the 
various climatic conditions of the basin am taken into 
consideration, and when the drainage and soil conditions 
of the most favorable kind are considered, it is not un­
warrantable to suppose that favorable re ults may be ob­
tained by an economic and judicious application of the 
artesian waters. Especia11y is this tme when one remem­
bers that dnring m�tny years no irrigation is at all desira-
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ble. And then again·an parts of the basin are subject to 
such heavy falls of rain that any accumulating salts 
must of necessity be washed away. Then again, even in 
the dryest years, the period when crops would be beue­
fitted by irrigation is short, so that only a limited applica­
tion of water would be needed. All these facts . would 
lead one to believe that such irribation as needE>d here 
may be accomplished by artesian waters. 
In all probabiJity success may be confidently expected 
by a strict attention to the following d.,,tails : deep ancl 
thorough cultivation; a judicious use of only sufficient. 
water to insure a crop; a careful conservation of all storm 
waters; the systematic planting of trees and shelter belts 
and the storage of all surplus artesiau waters. Moreover 
it must he remembered tlrn.t the second flow wells are 
safer than first flow wells especially 011 land at all mcliued 
to he clayey. �.\n,l finally, should evil effects from the 
water beGome manifest, the remedial agencies of land 
plaster, lime and m1der drainage should be promptly ap­
plied. The largo deposits of gypsum occLrrrir1g in tho 
Black Hills will be sufficient for all time. 
lu this connection an objection to artesian il'rigatio11 
raised by Major Powell may he profitably noticed. He 
affirms that the supply wou]_d not prove adequate to the 
needs of the country reqmring irrigation. He admits, 
however, that tho supply is not as yet developed to its 
full capacity. And it is difficult to say with onr pres­
ent kno"ledge how great the available supply may be. 
But this is known; it is very great, the greatest a.l'tei:;ian 
basin in the world. ,rnd there is little evidence that the water 
is showing a11y signs of diminution in spite of the waste­
ful manner in which it is utilized. 1t is trne that both the 
pressure and flow of sorue wells are diminishing; and it is 
true that some wells have clogged and ceased flowing 
altogether. But both of these phenomena can he more 
' 
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readily explained by the careless and faulty construction 
of the wells under consideration. Indeed this is more 
likely the true explanation since when properly con­
str ncted wells are sunk in the immediate vicinity of these 
failing wells a copious supply is always obtained. 
Right here may be noticed other objections some­
times raised, viz: that the wells are too expensive and 
that they are not durable. It must be evident to the 
careful reader of the foregoing pages that the reason why 
some of the wells are not durnble is not difficult to find. 
Who would expect a string of disconnected pipe 
passing through soft shaly walls to make a durable well? 
Who would expec.;t that water, driven on by the tremend­
uous pressme to which it is subjected, would not cut 
away the soft sand stooe rock through which it comes 
without any protection to the walls by perforated pipes 
reaching down through the water bearing stratum'? How 
long would it take to tear out a cavern so vast at the bot­
to111 of the well that the overlying soft and flexible strata 
of shale would bend down and cut off the flow? And 
again why have not more galvanized casings been used 
so long as it is a well known fact that waters carrying 
:,;alts are quickly corrosive to common iron? Moreover, 
wells c.;arrying out sand and rocks with the great velocity 
observed act- in a most destructive mauner upon the pipes, 
actually wP-aring them out. 'fhis is one of the most 
active causes in shortening the life of a poorly constructed 
well. Taking all these things into consideration it is 
scarcely to he wondered at that wells have failed. 'l'he 
cost of construction is gradually diminishing. Notwith­
standing all these objections, it is quite probable that 
wells can bE ..1ade durable enough and cheap enough and 
with sufficient supply of water to irrigate a portion of 
nearly every section in the James River Valley. It is un­
doubtedly true that any bonanza operation might not 
,, 
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prove entirely successful financially and it is undoubtedly 
true that any project looking forward to wheat raising on 
a large scale by irrigation would suffer the same fate. 
But it is equally true that wheat raising or any one crop 
system under the best possible conditions imaginable 
would prove disastrous. 
What the farmer of the Dakota Artesian Belt should 
aim to achieve should be a small farm with sufficient 
water supply to insure successful intensive cultivation. 
'rhe home should be furnished with a garden and fruit 
trees, and smaU fruits should be provided, while shade 
trees and shelter belts should surround all. Stock 
of all kinds should be kept and special pains should be 
taken to maintain the fertility of the soil. Pigs. poultry, 
mutton sheep, dairy cows and work horses should be 
found on every farm and if these are to be kept in large 
numbers more land should be provided and used as 
permanent pasture and meadow without any attempt to 
cultivate or to irrigate. In this way our wealth of native 
grasses would all be utilized and we should have thous­
ands of happy and pL'osperous homes where the land is 
now entirely unused. The rule and watchword then 
would be, "Intense cultivation or no cultivation at all." 
Diversified farming with all its manifold blessings would 
then make a reality of what is now but a dream. A 
healthier tone would pervade everywhere and there would 
be no further desire to rob this beautiful belt of its fer­
tility and reduce the land to a barren waste by the pre­
vailing and wasteful one crop system whid1 has been so 
widely practiced. Some wheat together with corn, pota­
toes, rye, millet, oats, green fodders and root crops would 
be prnduced and prosperity would follow. 
If, in addition to all this the storm waters were care­
fully conserved th1·oughout the who'le belt and an equally 
extensive and systematic,; planting of trees l ; to be 
practiced, the whole aspect of the couutr
·� 
would be 
changed and even the climatic conditions of the whole 
region would be pro�oundly aff ec.;ted for the be �er. 
( 
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HoMr: H1wr,.; o� A1i·rESIAN WELL UoN::,'l'.KUC'l'ION.-From 
some of tbe results obtained iu the past some useful hints 
for future well construction may be gathered. The follow­
ing are suggested: 
1. The pipes used should be galvanized and should 
be connected by specially strong couplings. 
2. An outside casing should be sunk and firmly 
seated in the rock below all sand and quick sands. 
3. As soon as a flow is rAached the drill should be 
closely followed by the casing in order that no washing or 
caving of the walls may occur. 
4. The lower end of the iuner µipe that is to pene­
trate the flow should be perforated to prevent any great 
rush of wator at any point in the san<l-rock that carries 
the water. 
5. The bore through the cap rock should be of such 
size that the casing will fit snugly in orrler to prevent the 
water from workin� up arounrl the outside of the pipe 
and thns cutting the cap rock away. 
Ii. All pipes used within the fu-st or outside casing 
should come to the top of the well arnl should there be 
securely joiue<l to the outet· pipe. 
It is true that some of the wells, iu fact some of the 
oldest ones, have n0t been thus carefully constructed. 
But in some cases tlw cap roek and even the water bearing 
rock are very firm and hard. Hence uo trouble has come 
as yet. Bnt these wells will be found difficult to reµair 
when their common iroH pipes are worn and rusted out. 
Again some wells have encountered no quick-sand but 
there is ahq1ys danger that the casings ruay stick and 
thus entail needless expense and wmecessarily increase 
tbe cost of construction. 
It nrnst be borne in ruinrl that tho Dakota sand stone 
varies greatly in its oattffe. In some places it seems little 
more than loo e sand while in other localities it becomes 
quite ti::i,·� �na com pact. Aud it is to the non-observance 
of some(_ )r more of the foregoing precautions that 
what \Vould otl�1�rwise have proven strong and durable 
wells, have roven trn�atil•fadory and some times a com­
plete faihur. 
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